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ABSTRACT 
The prime challenge to those responsible for the management of South 
Africa’s estuaries is to maintain their viability in the face of ever increasing 
pressures. It is important that we learn to appreciate the value of estuaries 
and that we act wisely to manage them for sustainable use. 
 
Any operation must have the adequate resources to perform the duties and 
the correct processes must be followed. The purpose of this research is to 
determine whether the current inputs and processes needed for the 
monitoring and breaching of the Great Brak River Mouth system are sufficient 
to adhere to the output objectives of a healthy estuary together with 
safeguarding of properties. 
 
The research methodology for this study comprised the following steps: 
 
Firstly, a literature study was performed to identify the key elements of the 
operation management transformation model. Operations management deals 
with the output of any business, in other words the conversion of inputs to 
create certain outputs and they do this by a process of transformation. 
 
Secondly, extensive literature study was performed in order to access 
material regarding effective estuary and river mouth management. 
 
Thirdly, the current situation at Great Brak was assessed to determine 
whether the current inputs and processes are in place and if additional or 
altered inputs and processes are needed.  
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The final step of this study entailed the formulation of recommendations for 
the implementation of the identified altered/additional inputs and processes 
needed for the monitoring and breaching of the Great Brak River Mouth 
system, with special attention given to the following: 
 
a) Water level instruments at the Wolwedans Dam and estuary must be 
changed to real-time systems. Warning levels must be set and 
programmed to activate alarms to cell phones of operational managers 
during emergency situations. 
 
b) A permanent video camera must be installed at the mouth of the Great 
Brak estuary. 
 
c) Priority must be given by the DWAF for the determination of the 
ecological reserve to address the water requirements needed for the 
estuary. 
 
d) The newly designed flow charts should be implemented as soon as 
possible and should form part of the new Estuary Management Plan. 
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CHAPTER 1 
 
INTRODUCTION, PROBLEM STATEMENT AND OUTLINE OF 
RESEARCH PROJECT 
 
1.2 INTRODUCTION 
The Great Brak River estuary is situated along the Garden Route of South 
Africa, midway between the towns of Mossel Bay and George. The natural 
state of the estuary has been subject to modification since the middle of the 
19th century when the first causeway was built over the Great Brak River. 
Since then developments on the banks, in the estuary itself and within the 
catchment area have further contributed to decreasing flows in the river, 
increasing shallowness of the estuary channels, the requirement for the 
mouth to be opened artificially and fluctuations in water quality. 
 
Due to the philosophy of isolation during the apartheid era, Soekor, a wholly 
owned state corporation was established in 1965 to explore and exploit oil 
and gas reserves. The discovery of some gas off Mossel Bay, led to the 
establishment of Mossgas, a synthetic fuel plant. Mossgas (now known as 
PetroSA), which converts natural gas to synthetic fuels, was established in 
1987. After intensive investigation by the Department of Water Affairs and 
Forestry (DWAF), it was decided to build the Wolwedans Dam in the Great 
Brak River, just upstream of the town Great Brak with the main purpose of 
providing water to the Mossgas plant.  
 
However, when a dam is built in a river catchment, the estuary of the river is 
affected in four ways: 
 The natural freshwater flow to the estuary is reduced, which changes 
the way in which the estuary functions naturally. 
 The ecological environment of the estuary is changed. 
 The quality of the water in the estuary is changed and 
 The socio-economic character of the estuary and its surroundings are 
changed (CSIR, State of the Great Brak River Estuary, 2003). 
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Fig 1.1: Locality map of the Great Brak Estuary (CSIR, Review Report, 
2003). 
  
 
The Great Brak River estuary (Annexure A-1), even before the Wolwedans 
Dam was built upstream in the Great Brak River, no longer reflected a natural 
environment. It was as long ago as the 19th century that man had already 
started to open the mouth of the estuary artificially, mainly to try and control 
floods and high estuary levels. When the building of the Wolwedans Dam was 
announced, DWAF established the Great Brak River Environmental 
Committee (GEC) to conduct an environmental study into the estuary. The 
GEC committee approached the Division of Earth, Marine and Atmospheric 
Science and Technology (Ematek) of the CSIR to assist with the study and 
development of an estuarine management plan.  
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The objective of this plan would be to mitigate the negative environmental 
impacts brought about by past and present development and to enhance 
positive environmental impacts. The study has shown that, by careful use of 
the allocated water annually from the Wolwedans Dam (Annexure A-2) to the 
estuary, coupled with additional mechanical mouth openings, a situation could 
be established that would be beneficial to the estuarine environment. A 
condition attached to the construction of the Wolwedans Dam was that the 
condition of the estuary and the effectiveness of the Estuary Management 
Plan should be monitored on an annual basis by the GEC and a review, 
based on the results of the monitoring program, was planned after about ten 
years (DWAF, 1990). 
 
The major concerns, at the construction of the Wolwedans Dam were that 
further reduction in river flow would result in an increase in mouth closure and 
in ongoing sedimentation and these would have a negative impact on the 
ecology of the estuary (DWAF, 1990). The key aspect of the management of 
the Great Brak Estuary is that of the management of the mouth and the main 
aim of the management plan is to utilise the water available for the estuary in 
the most optimal way. Almost constant monitoring is required to manage the 
mouth successfully and to use the water available in an optimal way. 
Monitoring of the water levels at the Wolwedans Dam and the estuary is also 
needed to address the issue of safeguarding of low-lying properties.  
 
Slack, Chambers and Johnston (2001:6), stated that if a operations 
management function is to be effective it must use its resources efficiently and 
produce goods and services in a way that satisfies it stakeholders. It must be 
creative, innovative and energetic in introducing novel and improved ways of 
producing goods and services. An effective operation gives the means to fulfil 
the organisation’s long-term strategic goals. 
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1.3 MAIN PROBLEM 
The main problem that will be researched in this project is as follows: 
Are the current inputs and management processes needed for the monitoring 
(mouth and safety) and breaching of the Great Brak River Mouth (GBRM) 
sufficient to adhere to the output objectives of a healthy estuary together with 
safeguarding of properties? 
 
1.4 SUB - PROBLEMS 
The main problem will be resolved by addressing the following sub-problems: 
• What does literature reveal about effective estuary and river mouth 
management? 
• What does literature reveal about the operational management 
transformation model?  
• What inputs are needed to achieve the desired outputs and how could 
it be obtained? 
• What management processes are necessary to achieve the desired 
outputs and how could it be performed effectively and efficiently? 
 
 
1.5 DELIMITATION OF THE RESEARCH 
1.5.1 Demarcation of Organisations/Stakeholders to be researched. 
The scope of the research will be limited to the following stakeholders: 
• CSIR 
• Mossel Bay Municipality 
• PetroSA 
• Catchment Managers in DWAF 
• Owner of Pine Creek Caravan Park 
 
1.5.2 Geographic demarcation 
The researched area falls within the geographical area of the town Great Brak 
River. 
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1.6 DEFINITIONS OF KEY TERMS 
To ensure common understanding, certain key terms that are used throughout 
the study are defined below. 
 
1.6.1 Estuary 
In the Southern Africa context the following is a generally accepted definition 
of an estuary.” It is a partially enclosed, coastal body of water which is either 
permanently or periodically open to the sea and within which, there is a 
measurable variation of salinity due to the mixture of sea water with fresh     
water derived from land drainage” (South African Estuaries.2003).  
 
Estuaries are the meeting places of the rivers and the sea, and represent a 
transition zone between the freshwater and marine environments. As such 
their salinities fluctuate on a daily and seasonal basis according to the state of 
the tide and the strength of river flow. Animals and plants inhabiting estuarine 
ecosystems are adapted to survive these variable conditions. Long shore drift 
of sediment may result in a sandbar building up at the mouth, which may 
block the estuary flow. Many estuaries are only open for a few months of the 
year (Estuary Management. 2003). 
 
1.6.2 Operations Management 
The aim of this study is to determine if the operational inputs and processes 
for the monitoring and breaching of the mouth are in place to adhere to the 
output objectives of a healthy estuary together with the issue of safeguarding 
of low-lying properties. 
 
Slack, Chambers and Johnston (2001:65) said that operations management is 
about the way organisations produce goods and services. All operations 
produce goods and services by devising processes which transform or 
change the state or condition of something to produce outputs. 
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The transformation process model involves a set of input resources which are 
then used to transform something, or are transformed themselves, into 
outputs of goods or services which satifisfy the needs of customers.  
 
1.5.3 Strategy 
Grant (1998:3) defines strategy as: “Strategy is about winning….Strategy is 
not a detailed plan or program of instructions; it is a unifying theme that gives 
coherence and direction to the actions and decisions of an individual or 
organization”. 
 
Slack et al (2001:64) feel that strategy is more than a single decision; it is the 
total pattern of the decisions and actions by an individual or organisation in its 
environment and that are intended to achieve its long-term goals. 
 
1.5.4 Management 
Kreitner, Kinicki and Buelens (2002:8) define management as:” the process of 
working with and through others to achieve organisational objectives in an 
efficient and ethical manner”. 
 
1.5.5 Communication 
Kreitner et al, (2002:289) defines communication as:”the exchange of 
information between a sender and a receiver, and the inference(perception) of 
meaning between the individuals involved”. It is a way of exchanging and 
sharing ideas, attitudes, values, opinions and facts. Effective communication 
is critical for managerial success in the operational activities of the Great Brak 
River Mouth. 
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1.7 IMPORTANCE OF THE RESEARCH 
The operational management of the Great Brak River Mouth is of the utmost 
importance for the future healthy existence of the Great Brak River estuary. 
The first major component, determining directly in the short term the 
ecological health of the Great Brak Estuary, is the condition of the mouth.The 
second major component important for the long-term health of the estuary is 
the equilibrium between sedimentation and erosion, especially in the area 
downstream of the N2 bridges (CSIR, Review report 2003:3). 
 
The main aim of the Management plan that was developed during the 
construction of Wolwedans Dam is to utilize the water available for the estuary 
in the most optimal way. The methodology over the last few years to use this 
water when needed, especially to maintain open mouth conditions during 
spring and summer, has proved to be quite effective. It should however be 
recognized that an estuary mouth is highly dynamic and unforeseen events 
may require special management actions and almost constant monitoring is 
required to manage the mouth successfully and to use the water available in 
an optimal way. This means that monitoring of water level recordings at the 
estuary and conditions at the mouth must be regularly done to ensure 
effective management. Water level monitoring at the Wolwedans Dam, 
upstream of the Great Brak River village is also very important especially due 
to the safety aspects of properties along the estuary. Effective communication 
between the various stakeholders in the management actions is also crucial to 
the achievement of the objectives of the Estuary Management plan. 
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A major adverse influence in South African estuaries is accelerated 
sedimentation because of human activities in the catchment which results in a 
progressive and generally irreversible loss of aquatic habitat. Modification of 
freshwater inputs through abstraction affects scouring, mouth closure patterns  
and salinity levels. Artificial breaching of river mouths at arbitrary times can be 
disruptive to normal patterns of migration associated with seasonal rainfall.  
 
A Socio-Perception survey conducted during December 2001 by the CSIR 
identified that one of the major concerns to residents and visitors responding 
to the survey is the increasing shallowness of the estuary and the risk that 
flows around the Island will cease in future. Breaching of the Mouth at high 
estuary water levels is crucial to adress the issue of sedimentation between 
the national road and the river mouth. However low-lying property 
developments under the 1:50 year floodline reduced the flushing of sediments 
at mouth breachings. 
 
To perform effectively and efficiently, any operation must have the adequate 
resources to perform the duties and the correct processes must be followed. 
The significance of the research lies in the determining of the inputs and 
processes needed for the monitoring and breaching of the Great Brak River 
Mouth to adhere to the sustainability of the ecological health of the Great Brak 
estuary. It is crucial to assess if the resources and management processes 
are in place to adhere to its objectives or if other resources and processes are 
needed and could be obtained to give Great Brak that advantage in achieving 
its Management objectives. 
 
The CSIR is currently busy with the drafting of a new Estuary Management 
Plan and the research is important because the results of this study will form 
part of the new Management Plan.  
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1.7 RESEARCH DESIGN 
In this section the methodology followed in the research project is described.  
To perform the research the subsequent procedure was espoused to solve 
the main problem as well as the sub-problems. 
 
1.7.1 Literature Study 
A literature study was performed to identify the key elements of the operation 
management transformation model. This theoretical model will be used to 
identify the inputs and processes needed for any operation.  Technical reports 
obtained from libraries and the Internet were also studied in order to access 
material regarding effective river estuary and mouth management.  
 
Literature was gathered from the libraries of the Port Elizabeth Technikon, 
George Municipality, Internet and CSIR and DWAF reports.  
 
1.7.2 Empirical Study 
The empirical study consisted of the following: 
a.) Personal interviews and telephonic conversations with representatives 
from the following organisations or stakeholders: 
• Mossel Bay Municipality  
• CSIR  
• PetroSA   
• DWAF  
• Owner of Pine Creek Caravan Park 
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The interviews aim was to determine what knowledgeable people and 
affected stakeholders believe are the inputs and management processes 
needed for the monitoring and breaching of the Great Brak River Mouth 
system. 
 
b.) CSIR reports - Professional research reports by the CSIR were 
accessed to obtain information regarding estuary and mouth 
management at Great Brak.  
 
c.) An in-depth scan of the current situation at Great Brak through the 
involvement and experience of the author. 
 
1.8 OUTLINE OF RESEARCH PAPER 
 
The research has been planned to include the following chapters: 
Chapter 1
 contains the introduction, problem statement and definition of key 
terms. 
Chapter 2 comprises a literature study of the operational transformation 
process model whereby the inputs and processes needed for certain Great 
Brak outputs will eventually be determined through the empirical study.  
Chapter 3 comprises a literature study regarding effective estuary and mouth 
management. 
Chapter 4
 contains the empirical study through an analysis of the current 
situation at Great Brak River to determine the inputs and processes needed 
for the monitoring and breaching of the Great Brak River Mouth. 
Chapter 5
 reaches conclusions and recommendations. 
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1.9 SUMMARY 
In this chapter the importance of the research paper was set out and it was 
stated that the results of this paper would form part of the new Estuary 
Management Plan. As the paper progresses it will become evident that 
various factors have an impact on the effective operational management of 
the Great Brak River Mouth and that input resources and management 
processes are needed to fulfil the objectives of the Estuary Management Plan. 
In an attempt to resolve the main problem, sub problems were identified and 
the study was demarcated to make it manageable and focused. In addition, 
key terms were defined in order to give the reader an understanding of these 
in context of the paper. Finally, a proposed outline of the methodology used in 
resolving the main and sub-problems, together with a list of chapter contents 
has been set out in order to give the reader insight into the process followed 
in writing up the paper. 
 
In Chapter Two a literature study of the operational transformation process 
model where the inputs and processes needed for monitoring and breaching 
of Great Brak River Mouth will eventually be determined through the empirical 
study, will be discussed.  
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CHAPTER 2 
 
OPERATIONS MANAGEMENT TRANSFORMATION MODEL 
 
2.1 INTRODUCTION 
Operations management was formerly known as production or industrial 
management. However these terms imply that only the manufacture of 
physical products or goods is involved, which is not the case. The principles of 
production management are applied far more widely than manufacturing 
alone, hence the term operations management to include the provision of a 
service. Operations management deals with the output of any business, in 
other words the conversion of inputs to create certain outputs. This is also 
known as the transformation process. This transformation process can result 
in a physical product, a non-physical service, or a charitable effort (De Witt & 
Hamersma, 1994:1). 
 
Melnyk and Denzler (1996:5) stated that operations management is a field of 
study that tries to understand, explain, predict, and change the organisational 
and strategic effects of the transformation process. Operations management 
deals with the effective and efficient management of the transformation 
process. Effectiveness focuses on the extent to which the outputs of the 
transformation process satisfy the needs and expectations of the stakeholders 
in a way that contributes to the overall objectives and goals to be achieved. 
Efficiency depends on costs incurred to deliver outputs. 
 
In this chapter the author will explain the transformation process model on 
which the inputs and management processes for the monitoring (mouth& 
safety) and breaching of the Great Brak River Mouth will eventually be 
determined through the empirical study. To achieve certain desired outputs, 
the following questions are raised: 
 What inputs are needed to achieve the desired outputs and how could 
they be obtained? 
 What management processes are necessary to achieve the desired 
outputs? 
 How can it effectively be performed? 
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2.2 THE CONTENT OF AN OPERATIONS STRATEGY 
Lowson (2001:2) defines operations strategy as “ major decisions about, and 
strategic management of: core competencies, capabilities, and processes; 
technologies; resources; and key tactical activities necessary in any supply 
network, in order to create and deliver products or services and the value 
demanded by a customer”.  
 
It is clear that an operations strategy, like any strategy, revolves around a 
pattern of choices. The choices or decisions involved are concerned less with 
individual day-to-day, tactical activities and more with the whole 
transformation system that is part of the organisation and the resources, 
competencies and capabilities needed. These choices also embrace changes 
in the wider competitive environment in which the organisation is “embedded”. 
The pattern of decisions tends to be of a medium- to long – term nature and to 
reflect both the core capabilities and competencies of the organisation, and 
how it uses resources and technologies to provide sustainable competitive 
advantage in its particular market sector. 
 
It is possible to think of an operations strategy from the perspective of the 
resource-based view. Since the end of the 1980’s, the resource-based view 
has been extended to the field of strategic analysis and strategic choice by 
identifying the importance of resources in strategy development (Lowson, 
2001:3). 
 
According to Miller (1998:62), the resource-based view focuses on an 
organisation’s internal resources as the key to success. As depicted in Figure 
2.1, the resource-based view shows how organisations as collections of 
tangible and intangible assets combined with capabilities to use those assets 
to develop competencies that achieve the desired outcomes. 
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Fig 2.1:The Resource-Based View: Relationships between Assets, 
Capabilities and Competencies (Miller, 1998:119). 
Tangible Assets 
 + x   Capabilities = Competencies=Competitive Advantage 
Intangible Assets 
 
 
2.3 OVERVIEW OF THE TRANSFORMATION PROCESS MODEL 
All organisations (private or public) have some form of Operations 
Management being performed. Operations Management can be modelled 
with “Slack’s Transformation Model” where some input is transformed into an 
output. All operations produce goods or services or a mixture of the two, and 
they do this by a process of transformation. By transformation we mean that 
they use their resources to change the state or condition of something to 
produce outputs. Figure 2.2 shows this general transformation model, which is 
used to describe the nature of operations. Operations take in a set of input 
resources, use them to transform something, or to be transformed themselves 
into outputs of goods and services.  
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Fig 2.2: All operations are input-transformation-output processes 
(Slack et al, 2001:10) 
The input-transformation-output model
THE 
TRANSFORMATION
PROCESS
Input Output
Goods 
and 
services
T ransformed 
resources
Materials
Information
Customers
T ransforming 
resources
Facilities
Staff
 
Inputs to a system are raw materials, staff, equipment, machinery and 
information. In Slack’s Transformation Model these inputs are categorised into 
two resources. Transformed resources, i.e raw materials that are to be 
transformed into a product, and transforming resources, i.e. the resources that 
perform operations or tasks upon your transformed resources to give you a 
final product or service. 
 
All operations conform to this general input-transformation-output model. 
Table 1 shows that one can describe a wide range of operations in this way. 
However, there are differences between different operations. Some are 
manufacturing operations and others service organisations which produce 
changes in the physiological condition, feelings and behaviours of customers. 
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Table 1: Some operations described in terms of input-transformation-
output processes (Slack et al, 2001:11 and Hannagan, 1995:408). 
Operation Input resources Transformation 
process 
Outputs 
Airline Aircraft 
Pilots and air crew 
Ground crew 
Passengers & freight 
Move passengers 
and freight 
around the world 
Transported 
passengers and 
freight 
Department 
store 
Goods for sale 
Staff sales 
Computerised 
registers 
Customers 
Display goods 
Give sales advice 
Sell goods 
Customers and 
goods assembled 
together 
Dentist Dental surgeons 
Dental equipment 
Patients 
Check and treat 
teeth 
Give preventative 
advice 
Patients with 
healthy teeth and 
gums 
Police Police officers 
Computer systems 
Information 
Prevent crime 
Solve crime 
 
Lawful society 
Public with 
feeling of security 
University Educators 
Knowledge 
Equipment & facilities 
Give lecturers  
Training 
Educated 
students 
Research 
 
According to Melnyk et al (1996:11), the organisation management process is 
the sequence and organisation (formal or informal) of all activities it needs to 
convert inputs into outputs. A process draws together inputs, transformation 
activities and outputs into a unified system. It identifies the resources that 
activities need and a process also describes the activities needed to convert 
inputs into outputs.  
 
 
 
 17 
 
 
Operations management processes can involve the production of a physical 
product or service. Processes can also generate information. 
 
According to Adam and Ebert (1982:23), the exact form of this transformation 
process varies from industry to industry, but it is a phenomenon that exists in 
any industry or operation. The transformation of inputs into outputs varies 
considerably with the technology employed. The level of technological 
sophistication in any operation affects both the services it can offer and its 
operating efficiency. Generally, the more scientifically advanced the 
technology, the more financial resources will be required. Technology in the 
transformation process includes the level of scientific sophistication in 
equipment, skills, information systems and product (or service) in the 
transformation process. 
 
2.4 INPUTS 
According to Slack et al (2001:10), the inputs to an operation can be 
conveniently classified as either: 
• Transformed resources – the resources that are treated, transformed 
or converted in some way. These are usually a mixture of materials, 
information and customers, with one of these being usually more 
dominant in an operation. Table 2 gives examples of operations with 
their dominant transformed resources. 
 
Table 2: Dominant transformed materials of various operations (Slack et 
al, 2001:12). 
Predominantly 
Materials processors 
Predominantly 
Information processes 
Predominantly 
Customer processes 
Manufacturing  
Retail 
Warehouses 
Accountants 
News service 
Research company 
Hotels
 
Hospitals 
Theme parks 
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The materials, information and customers are the transformed resources; they 
are changed in some way during the operation. What transforms them are the 
transforming resources. 
• Transforming resources-the resources that act upon the transformed 
resources. There are two types, which form the “building blocks” of all 
operations. It can be classified into tangible resources and intangible 
resources. The exact nature of each one of these will differ between 
operations. 
o Tangible resources (Facilities) – the buildings, equipment, plant, 
capital and process technology of the operation. 
o Intangible resources (Staff) – those who operate, maintain, plan 
and manage the operation (i.e. all the people in the operation, at 
any level with the competency, knowledge and skills. 
Communication and information systems are also classified as 
intangible resources). 
 
A resource is a basic element that an organisation controls in order to best 
organise its processes. A resource, or a set of resources, can be used to 
create competitive advantage. The sustainability of this advantage depends 
upon the ease with which the resources can be imitated or substituted. 
When resources are combined, they can lead to the formation of 
competencies and capabilities.  
 
Competencies refer to the fundamental knowledge owned by the organisation 
or body (knowledge, know-how, experience, innovation, and unique 
information). Capabilities reflect an organisation’s ability to use its 
competencies. Capabilities refer to the dynamic routines acquired by an 
organisation-the managerial capacity to improve continuously the 
effectiveness of the processes of the organisation. 
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Johnson and Scholes (2002:149) stated that successful operational strategies 
are dependant on the organisation having the strategic capability to perform at 
the level that is required for success and to adhere to the desired output. 
Strategic capability is underpinned by the resources available to an 
organisation since it is resources that are deployed into the activities of the 
organisation to create competences. The question is often asked whether an 
organisation or body has the required tangible resources (equipment, capital, 
technology) and intangible resources (competencies, knowledge, skills, 
communication, information systems) to provide products/services that meet 
the needs of the desired output. 
 What resources are available to an organisation/body, from both within 
and outside, to support its strategies? 
 What is the threshold level of resources needed to support particular 
strategies? 
 What unique resources might be needed to meet the critical success 
factors? 
 Some organisations/body might have inadequate resources and be 
unable to meet the threshold requirements of customers. 
 Competence is about the activities of an organisation and the 
processes that link activities together both within and beyond the 
organisation. Although an organisation will need to reach a threshold 
level of all the activities that it undertakes, only some of these activities 
are core competencies. 
 Knowledge is also important to all organisations. It is the knowledge 
that is embedded in organisational processes that is critical for success 
and may well be taken for granted. 
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From a strategic perspective an organisation’s resources include both those 
that are owned and those that can be accessed. Typically, resources can be 
grouped as follow: 
 
o Physical resources – such as machines, equipment. The nature of these 
resources, such as the age, condition, capability and location of each 
resource will also determine the usefulness of the resources. 
o Human resources – including knowledge, skills of people and adaptability 
of human resources. 
o Financial resources – such as money available to perform activities. 
o Intellectual capital is the intangible resources and is often overlooked or 
undervalued. There is no doubt that these intangible resources have a 
value (Johnson et al, 2002:153). 
 
However, it is often important that sets of threshold resources are needed to 
exist and support the strategies. There is a need to continuously improve this 
resource base in order just to stay in business. The message to organisations 
is that they have to change their resource base considerably in order to be  
effective in the achievement of their objectives. The ability of an 
organisation/body to meet the critical success factors in a particular situation 
may be underpinned by unique resources. For service organisations, unique 
resources may be particular skills or knowledge of individuals. 
 
Superior performance will also be determined by the way in which resources 
are deployed to create competencies in the organisation’s activities. For 
example, the knowledge of an individual will not improve an organisation’s 
performance unless he or she is ‘assigned’ to work on particular tasks that 
exploit that knowledge or, more importantly, is able to share that knowledge 
with others who can build on it. Performance is also affected by the processes 
of linking separate areas of knowledge and activities together both inside and 
outside the organisation. Although an organisation will need to achieve a 
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threshold level of competence in all of the activities and processes that 
underpin the product and service, only some will be core competences. Core 
competences are activities or processes that critically underpin an 
organisation’s competitive advantage. 
  
Melnyk et al (1996:190) stated that the inputs of the transformation process 
are the resources that either initiate process activities or contribute to the 
transformation that provide products or services. Even a simple process relies 
on a wide and extremely complex range of inputs, some more apparent than 
others: 
 Materials - Materials can be anything from steel in a car’s body panels 
to staples that hold together the production orders that set the schedule 
for the car’s production. 
 Energy –Many process activities require power such as electricity as 
an input. 
 Information – Operations managers need inputs of product-specific and 
process-specific information. Product-specific information describes 
how to create the organisation’s product or service (i.e., its parts, the 
order in which the process needs them, and the sequence of 
operations). Process-specific information describes the capabilities and 
limitations of the current process (i.e., available machine and labour 
hours, functions of available equipment and skills and knowledge of the 
human capital) and the current or projected work load of that capacity. 
Knowledge often plays a critical role in improving either the product or 
service. 
 Management – Efforts of the personnel to plan, analyse, organise, 
direct and control the transformation process represent process inputs.   
 Technology – Technology consists of all the equipment, automation, 
and similar tools used by the process. 
 Facilities – Facilities are the buildings that house process activities. 
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 Labour – Every process requires inputs of human resources, either 
directly or indirectly, to carry out process activities. 
 Drivers – A process cannot operate without specific objectives and 
directions to drive its activities. Drivers move a process from rest into 
action. 
 
The types of inputs used will vary from one industry to another. If the 
operation is automobile manufacturing, inputs of capital and energy for 
machines, facilities and tools will be necessary. Labour will be required to 
operate and maintain the equipment, and materials inputs will form the basis 
for the transformation process from raw materials to finished goods.  
 
Operations in the service industries use a somewhat different mix of inputs 
from those used in manufacturing. For example, an airline operation requires 
inputs of capital for aircraft and facilities, highly skilled labour (pilots, 
maintenance), low-skilled labour and a great deal of energy. Very little raw 
material input is used in comparison with the requirements of a manufacturing 
company (Schroeder, 1987:12). 
 
According to Milakovich (1995:127), a classic study of modern methods of 
quality and reliability, published by Walter Shewhart (1931), identified seven 
common elements as transformation inputs that constitute a process: 
 
1. Materials: raw materials or components. 
2. Manpower or personnel: the human factor. 
3. Methods: product and process design. 
4. Machines: tools and equipment necessary.  
5. Measurement: techniques and tools used to gather data. 
6. Maintenance: providing care for process variables. 
7. Management: policy, work rules and environment. 
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2.5 PROCESSES 
Every operations management system consists of processes. Some 
processes generate goods and services. Managers deal with operations 
management processes every day. Figure 2.3 summarises the various 
processes with strong links to the operations management system (Melnyk et 
al, 1996:12). 
Fig 2.3: Major Processes Linked to Operations Management 
    Processes    Outputs 
   St 
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Based on their outputs, managers can characterise, analyse, and differentiate 
processes to define eight categories (Figure 2.3): 
 Strategic Management Process - This type of process identifies, 
formulates, and implements an organisation strategic vision of value 
and its overall objectives and goals. To generate this output, it must 
manipulate inputs of information about the organisation’s unique 
capabilities, needs and the potential costs and benefits. 
 Innovation Process - This type of process generates new product and 
process designs. Operations Managers often group these activities into 
narrower, supporting processes: 
 Product design processes – The processes involved in designing 
and building new products. 
 Process design process – The processes involved in designing and 
delivering new processes. 
 System design process – The processes and activities involved in 
designing and delivering new systems. 
 Customer service Process – This type of process determines how 
the organisation or its Operations Management transformation system 
interfaces with customers. 
 Resource Management Process – This type of process combines the 
outputs of the strategic management process (objectives) and the 
customer service process to determine the firm’s resource needs. 
 Supply Chain Management Process – This type of process 
recognises that every Operations Management system depends on 
inputs from suppliers through the supply chain. 
 Logistics Management Process – All but the smallest Operations 
Management systems must solve problems that arise from physical or 
spatial separation. 
 Other supporting Processes – Other processes support the above-
mentioned processes, indirectly (Melnyk et al, 1996:200). 
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Processes are central to any organisation success, since they determine how 
it delivers value to the desired outcome. According to Melnyk et al (1996:186), 
a process is the collection of activities that transforms the inputs into an 
output. This definition emphasises six major traits: 
1. A process is a collection of activities. 
2. A process transforms the inputs (resources and information) into 
outputs (goods, services, or information). 
3. Structure and capacity determine the resources that the process 
requires to accomplish its transformation. 
4. A process creates an output, which can range from delivery of 
an existing product or service through design and delivery of a 
new product or service to generation of information. 
5. Managers evaluate a process based on the level of value that it 
generates. 
6. Processes are linked to other processes. 
 
Decisions in the transformation process determine the physical process or 
facility used to produce the product or service. The decisions include the type 
of equipment and technology, process flows and all other aspects of the 
physical plant or service facility. 
2.5.1 DESIGN 
Among the most important decisions made by operations managers are those 
involving the design of the physical process for producing goods and services. 
The series of decisions encompasses process selection, process flow 
analysis, choice of technology, and layout of facilities. The author will focus on 
the process flow analysis, which is needed for the design of certain processes 
at Great Brak. 
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Design is defined as “ the conceptual process by which some functional 
requirements of people, individually or en masse, is satisfied through the use 
of a product or of a system which derives from the physical translation of the 
concept” (Slack et al 2001:92). The important points, which can be extracted 
from this description of design, are as follows: 
o The purpose of the design activity is to satisfy the needs of customers. 
o The design activity applies to both products or services and systems or 
processes. 
o The design activity is itself a transformation process. 
o Design starts with a concept and ends in the translation of that concept 
into a specification of something, which can be created. 
 
Satisfy the needs of customers - The design activity in operations has one 
overriding objective; to provide products, services and processes which will 
satisfy the needs of the operation’s customers. Services designed must be 
within the capabilities of the operation and within a reasonable cost. A wrongly 
designed process with inappropriate technology, unskilled people and 
inadequate equipment will either not satisfy the needs of the desired outputs. 
This will lead to an operation that cannot operate efficiently or effectively. 
 
Product/service design and processes are interrelated - The design of 
products and services and the design of the processes that make them, on 
the other hand are often treated as separate activities. Yet they are clearly 
interrelated (Fig 2.4). 
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Fig 2 4: The design of products/services and processes are interrelated 
and should be treated together (Slack et al, 2001:95) 
 
 
Products and services 
should be designed in 
such a way that they 
can be created 
effectively 
Designing the 
product or 
service 
Designing the 
process which 
produces the 
product or 
service 
Decisions taken during the 
design of the product or service 
will have an impact on the 
process which produces the 
product or service and visa 
versa 
Processes should be 
designed in such a way 
that they can create all 
of the products and 
services which the 
operation is likely to 
introduce 
 
The design activity in itself is a transformation process – Producing designs 
for products, services or processes that create them is itself a transformation 
process, which conforms to the input-transformation-output model as, 
described earlier. The transformed resource inputs will consist mainly of 
information while the transforming resource inputs includes staff, design 
equipment and development and testing equipment. 
 
The design activity moves from a concept to a specification – A design starts 
as a more general, ill defined, even vague idea or concept. With time this 
concept is refined and made progressively more detailed until it contains 
sufficient information to be turned into an actual product, service or process. 
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2.5.1.1    Process flow analysis 
The study of process flow deals directly with the transformation process itself, 
since most transformation processes can be viewed as a series of flows 
connecting inputs to outputs. Every operation can be viewed as a system by 
identifying a transformation process. Process flow analysis is a technique for 
documenting activities in a detailed, compact, and graphic form to help 
organisations to understand the process and highlight potential 
improvements. This tool helps to close the gap between the process that the 
organisation manuals (which often do not exist), the process that people think 
exists, and the process that generates the most possible value (what should 
exist)(Melnyk et al, 1996:208). 
 
Process flow analysis is heavily dependent on system thinking. In order to 
analyse process flows, a relevant system is selected and the inputs, outputs, 
boundaries, and transformations are described. Using the system approach, 
the following steps are taken in a process flowchart analysis: 
1) Decide on the objective of the analysis, e.g., to improve efficiency, 
effectiveness. 
2) Select a relevant system for study, e.g., the whole operation or some 
part of it. 
3) Describe the existing transformation process by means of flowcharts 
and efficiency measurements. 
4) Develop an improved process design by revising the process flows 
and/or inputs used. 
5) Get approval for resigned process design. 
6) Implement the new process design. 
 
If there is no existing process, steps three and four are combined to describe 
the desired output, but the rest of the method is still used (Schroeder, 
1987:191). 
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There are many techniques, which can be used for documenting processes. 
However, all the techniques have two main features: 
o They show the flow of materials or people or information through the 
operation. 
o They identify the different activities that take place during the process. 
 
Simple flow charts are used to identify the main elements of a process. Flow 
charts give a detailed understanding of parts of the process where some sort 
of flow occurs. They record stages in the passage of information, products-in 
fact anything, which flows through the operation. They do this by requiring the 
decision-makers to identify each stage in the flow process as either: 
• an action of some sort – recorded in a rectangular box; or 
• a question/decision-recorded in a diamond-shaped box. 
(Slack et al, 2001:620) 
 
A key to analysing flow charts is to ask the following questions: 
1) What – What operations are really necessary? Can some operations 
be eliminated, combined or simplified? 
2) Who – Who is performing each operation? Can the operation be 
resigned to use less skill or less labour? Can operations be combined 
to improve the efficiency of the output? 
3) Where – Where is each operation conducted? 
4) When – When is each operation performed? 
5) How – How is the operation done? Can better methods, procedures or 
equipment be used? (Schroeder, 1987:196). 
 
A flow chart diagram will be of strategic importance and a useful tool to use 
during certain Great Brak operations (monitoring and breaching) in achieving 
the desired output. 
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2.6  OUTPUTS 
The outputs from the transformation process are goods and services, which 
are generally seen as being different, in several ways. Goods and services 
are generally seen as being different, for several reasons: 
 Tangibility: Goods are usually tangible and services are usually 
intangible. 
 Storability: Goods can be stored. Services are usually non-storable. 
 Simultaneity: A main distinction between goods and services concerns 
the timing of their production. Goods are nearly always produced prior 
to the customer receiving them. Services, however, are often produced 
simultaneously with their consumption. 
 Customer contact: With goods, customers have a low contact level, 
whereas in services, because they are produced and consumed 
simultaneously, they have high contact between the customer and the 
operation. 
 Quality: Because customers do not see the production of goods, they 
will judge the quality of the operation, which produced them on the 
evidence of the goods themselves. In services, the customer judges 
not only the outcome of the service, but also the aspects of the way in 
which it was produced (Slack et al, 2001:14). 
 
Some operations produce just goods and some services, but most operations 
produce a mixture of the two. Fig 2.5 shows a number of operations 
positioned in a spectrum from ‘pure’ goods producers to ‘pure’ service 
providers. 
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Fig 2.5:The output from most operations is a 
mixture of goods and services (Slack et al,2001:15)
PURE GOODS
Tangible
Can be stored
Production precedes 
consumption
Low customer 
contact
Can be transported
Quality is evident
PURE SERVICES
Quality difficult to judge
Cannot be transported
High customer contact
Production and 
consumption are 
simultaneous
Cannot be stored
Intangible
 
According to Melnyk et al (1996:200), any operations management process 
can generate up to three basic types of outputs: 
 Goods – Physical products 
 Services – Intangible products 
 Information – Data generated by a process. 
These three categories encompass a wide range of outputs, including tangible 
goods and intangible services. 
 
2.7 SUMMARY 
The aim of this chapter was to describe the operations transformation 
process. It is evident from the literature that any operations management 
process takes in a set of input resources and use them to transform 
something, or to be transformed themselves into outputs of goods and 
services.  
 
The following chapter gives an overview of estuary and river mouth 
management with specific relevance to the dynamics of an estuary mouth and 
the impacts on estuaries. The purpose of this chapter will be to highlight the 
importance of effective management needed for future ecological welfare of 
estuaries, and specifically in terms of operations activities.  
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CHAPTER 3 
 
           ESTUARY AND MOUTH MANAGEMENT
  
 
3.1 INTRODUCTION 
It is not unusual to hear people say that fresh water flowing into the sea is a 
‘waste of water’. These are value judgements based on perceptions that water 
flowing into the sea creates little or no value, whereas the same water used in 
other ways would create much more value. Estuaries, just like any other 
natural system, provide goods and services useful to society. The value 
people ascribe to estuaries reflects the costs and benefits they experience 
from the use of these goods and services. Value, therefore, changes in 
response to the way people use and abuse estuaries. The world is 
continuously changing in response to natural factors and in response to the 
way in which people live. These changes are particularly reflected in estuaries 
because they are the final stage in river systems. It is important that people 
learn to appreciate the value of estuaries and that they act wisely to manage 
them for sustainable use (Eastern Cape Estuaries Management Programme, 
2001). 
 
Focus areas within the chapter include estuary and river mouth management 
principles that will be discussed to determine the importance of effective 
management needed for future ecological welfare of estuaries, and 
specifically in terms of operational activities.  
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3.2 WHAT IS AN ESTUARY? 
An estuary is an area where freshwater meets salt water such as a bay, the 
mouth of a river, a salt marsh or a lagoon. Estuaries are transition zones 
between rivers and the sea and provide a habitat for a unique assortment of 
plants and animals. 
 
Estuaries are critical for the survival of many species. Certain marine species 
(like fish and prawns) depend on estuaries for their life cycles. A feature of the 
life styles of a variety of estuarine species is migration. Most of the larger fish 
species as well as invertebrates such as the estuarine swimming prawns and 
the mangrove crab breed at sea where salinity, temperature and oxygen 
availability are much more constant than in an estuary. This favours the 
sensitive larval stages which then, at a later stage of development, move to 
the estuarine nursery grounds for a time to grow and develop into mature 
animals before migrating back to the sea (South African estuaries, 2003). 
 
In South Africa an estuary is considered to be that portion of a river system, 
which has, or can from time to time have, contact with the sea. Hence, during 
floods an estuary can become a river mouth with no seawater entering the 
formerly estuarine area. Conversely, when there is little or no fluvial input an 
estuary can be isolated from the sea by a sandbar and become a lagoon 
which may become fresh, or even completely dry (Allanson and Baird, 
1999:304). 
 
Estuaries are widely regarded as sinks (net accumulation of sediment).  
They receive sediment from a variety of sources including marine and fluvial 
inputs. Estuaries are thus regarded as areas that should exhibit progressive 
swallowing and reduction in area. This is in fact not always the case. Floods 
periodically scour estuaries and remove accumulated sediment thus ‘resetting 
the evolutionary clock’. In addition, some estuaries function mainly as  
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‘conveyer belts’ by which excess sediment is transferred through them and 
deposited in the sea (such systems have no capacity to accumulate additional 
sediment).  
3.3 CLASSIFICATION OF SOUTH AFRICAN ESTUARIES 
Whitfield and Woolridge (1994) as quoted by Allanson et al (1999:32) 
classified South African estuaries according to the state of the estuary 
mouths, and identified five types useful in ecological and management 
studies: 
 Permanently open estuaries. 
 Temporarily open/closed estuaries. 
 River mouths. 
 Estuarine lakes. 
 Estuarine bays. 
In all estuaries, the presence and persistence of a mouth that permits a 
surface water connection between the estuary and the sea is dependant on 
the relative strength of surface currents (which act to maintain the mouth) and 
wave and tidal currents in the nearshore zone (which act to close the mouth 
by depositing marine sand in it). In some instances mouth-forming processes 
dominate over mouth closing processes and vica versa. The situation is 
variable with time. The persistence of a mouth has importance for the 
migration of flora and fauna between the estuary and the sea and this might 
thus be regarded as one of the key factors in producing variability between 
estuaries. 
 
The condition of the mouth of a temporarily open estuary is governed by the 
competition between the closing forces of wave and flood tide driven sediment 
suspension and deposition in the mouth on the one side, and the scouring 
forces of ebb-tidal currents on the other. The latter are enhanced with higher 
river flows, while the former appear to increase under higher wave conditions. 
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3.4 STATE OF SOUTH AFRICAN ESTUARIES 
During the 1970’s concern grew regarding the conditions of estuaries in South 
Africa. Water abstraction, dam construction, soil erosion and pollution were 
clearly affecting more and more estuaries. Various reviews of estuaries have 
been commissioned over the past 30 years. South African estuaries have 
been divided into three major biogeographic regions: 
• Subtropical region – From the Kozi Estuary in Kwazulu-Natal to the 
Mbashe Estuary in the Eastern Cape. 
• Warm temperature region – From the Mendu Estuary in the Eastern 
Cape to the Silwermyn Estuary in False Bay. 
• Cool temperature region – From the Krom River Estuary on the Cape 
Peninsula to the Orange River mouth on the Northern Cape coast. 
Each estuary has been placed in one of the three biogeographic 
categories, a map of which is shown in Figure 3.1.  
 
Fig 3.1: Map of South Africa showing the three biogeographic regions 
(Source: South African estuaries, 2003). 
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The results of the most recent assessment of the condition of South African 
estuaries by Whitfield (1995) are shown in Table 3. Although the assessment 
finds that 60% of South African estuaries are in good or excellent condition, it 
should be noted that this is primarily attributable to the large number of 
estuaries in an excellent/good condition, which occurred in the former 
Transkei region and were therefore not considered in previous assessments. 
(Allanson et al, 1999:292).  
 
Table 3: Current condition of South African estuaries (Allanson et al, 
1999:292). 
REGION EXCELLENT 
CONDITION 
GOOD 
CONDITION 
FAIR 
CONDITION 
POOR 
CONDITION 
Cool 
temperate 
1(10%) 2(20%) 2(20%) 5(50%) 
Warm 
temperate 
34(28%) 52(43%) 21(17%) 13(11%) 
Subtropical 39(33%) 22(19%) 36(31%) 20(17%) 
TOTAL 74(30%) 76(31%) 59(24%) 38(15%) 
 
The condition of the estuaries, which is based on the degree to which human 
activities have changed the functioning or viability of a particular system is 
classified as poor, fair, good or excellent. 
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3.5 THE DYNAMICS OF AN ESTUARY MOUTH 
A universal and characteristic feature of estuaries is the variation in physical 
and chemical conditions, both along the length of the system and over time in 
any one area. This time variation often occurs over periods measured only in 
hours or days for example tidal cycles and differences in daily flow patterns 
and is therefore much shorter than the annual seasonal cycles of 
temperature, day length and rainfall. The magnitude of the daily tidal 
fluctuations may, however, often be equal to that of annual variations, which, 
means that the organisms living in this highly variable environment, must be 
able to cope with these changes. The source of much of this variation, which 
is a major characteristic of “open mouth” estuarine systems, lies in the daily 
rise and fall of the tides, currents set up by these tides and fluctuating 
freshwater inflow. 
 
Estuaries are dynamic systems and virtually any physical or chemical feature 
associated with them is the subject to rapid and sometimes extreme changes. 
The mouths of South African estuaries unless pinned by some rocky feature 
tend to meander under the influence of currents, wind and wave action and 
sediment movement. Estuarine mouths represent dynamic equilibrium. Marine 
derived sediments are forced into the mouth by long shore drift, wave action 
and flood tide currents, which may ultimately block off the mouth (South 
African Estuaries, 2003). However, longer term trends such as the reduced 
freshwater runoff due to the building of dams in the catchment areas of rivers, 
or the potential rise in sea level associated with climatic change, may have 
even more significant consequences.  
 
The configuration of the mouth of an estuary is determined by the 
scouring/erosive action of outflowing water (both riverine and tidal), and the 
action of the flood-tidal currents and waves in transporting and depositing 
marine sand in the inlet region. The actual dynamic processes involved  
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in closure of river mouths are complex and are not yet fully understood. 
Recent investigation (Huizinga, 1994) of the closure of selected South African 
estuaries have indicated that the wave-driven on-off shore movement of 
sediment may be a primary mechanism causing mouth closure, rather than 
the longshore movement of sediment (Allanson et al, 1999:46). In most South 
African estuaries, net erosion only occurs during greater than normal river 
flows, i.e. during flood conditions. Because of the seasonality of the rainfall 
many estuaries are not open to the sea on a permanent basis, and mouth 
closure occurs. The increased frequency of high waves in winter may also 
contribute to estuarine mouth closure along the south and east coasts 
(Allanson et al, 1999:46). 
 
It is of importance for floods to occur for the long-term functioning of many 
estuaries. Essentially, the floodwaters serve to increase the erosive effect of 
the ebb tide, and can therefore scour out flood-tidal deltas established over 
many previous tidal cycles. Floods serve to re-set the mouth condition in 
terms of depth of the sill as well as the position of the bar-built estuary mouth. 
The scouring effects of floods act as opposing forces and re-set the whole 
system before the marine driven mouth sedimentation and closure start again.  
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3.6 MAJOR IMPACTS ON ESTUARIES 
Estuaries are often popular recreational areas. As a result, many are 
surrounded by intensive development, which impacts estuaries in a variety of 
ways. Buildings situated too close to the water’s edge may be at risk of 
flooding when the estuary is closed, leading to artificial breaching of the 
mouth in response to pressure from property-owners. Construction of bridges, 
dams, weirs and causeways may also impede the natural flow of water, 
thereby altering sedimentation patterns, while industrial and sewage effluent 
may pollute the water and lead to excessive growth of nuisance weeds or 
algae. Activities and development in the catchment area also impact 
estuaries. The abstraction or impoundment (damming) of water in the 
catchment area, which inhibits the scouring effect of floods, siltation may 
result in the estuary gradually filling in or the mouth closing (Estuary 
Management. 2003). A few negative impacts on estuaries are as follow: 
 
3.6.1 Reduction in freshwater flow 
Developments, activities in a catchment and the construction of various 
structures may all result in reduced runoff of water to estuaries. Research 
done at the Wilderness, Swartvlei and Groenvlei lakes showed that 
developments in the catchment area and the subsequent abstraction of water 
from the rivers have resulted in a reduced runoff of water. The implications of 
these facts are that due to the reduction in freshwater, reduced open mouth 
conditions occur, less scouring out of sediments and thus increased 
sedimentation inside the estuaries. Consequently, reduced opportunities exist 
for marine species to enter the lakes area, which explains why these areas 
are becoming more dominated by freshwater species (DWAF, 1996:17). 
 
The flow and flood regimes of many rivers have been altered by impoundment 
and abstraction with the result that the periods of low flow have become 
extended. Many, if not the majority, of South African estuaries became  
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isolated from the sea by the formation of a sand berm across the mouth 
during periods of little or no fluvial input. Such an estuary will remain closed 
until the berm is breached by a large flood or the estuary basin fills and the 
berm is overtopped. Abstraction of water leads to reduced fluvial input to the 
estuary thus extending the periods of closure. The frequency and duration of 
estuary mouth openings are major factors affecting the estuarine biota, 
particularly the juveniles of marine fishes which enter estuaries which serve 
as nurseries. 
 
3.6.2 Artificial breaching of estuary mouths 
Artificial mouth breachings is a common practice in South Africa, particularly 
in estuaries where coastal developments have occurred at a level where 
inundation of low-lying properties will occur under the high water levels 
required for natural breaching. As a result, the mouth is breached artificially 
before these levels are reached so as to prevent flood damage to properties. 
In South Africa an almost unique by-product of poor urban planning especially 
under the 1:50 year flood line is the need to breach estuary mouths to lower 
water levels to prevent the inundation of houses. The entire functioning of an 
ecosystem can be jeopardised by township planning in ignorance of the 
natural envelope of variability of an estuary.  
 
Other reasons for artificial breaching include water quality deterioration, 
fishing interests and compensatory action where substantial reductions in 
river flow have occurred (CSIR, 2003). 
 
The level to which the water is permitted, before artificial breaching is 
undertaken, is often a contentious issue: conservationists want it to be the 
highest level possible whereas property owners require a margin of safety. 
(Allanson et al, 1999:297). 
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At Swartvlei in the southern region of the Western Cape the breaching level 
has been set at two metres above mean sea level (MSL). A safety factor has 
been incorporated into the breaching guidelines. Under high-risk conditions, 
i.e. when the upper lake level is already high and when there are continuous 
heavy rains and a rising lake level, consideration can be given to opening the 
mouth before the two metres MSL level is reached. 
 
Problems which are associated with mouth breaching mainly relate to 
breaching at the wrong time of the year, breaching at too low water levels, 
breaching at the wrong position or digging a too shallow initial trench, 
resulting in: 
• Increased sedimentation. 
• No juvenile fish migration in spring or summer if closed. 
• Salt marsh vegetation die-off due to long inundation. 
• Decrease in flushing potential of sediment (CSIR. Estuaries. 2003). 
 
Artificial breaching may have serious long-term impacts upon the sediment 
dynamics and biota of an estuary. Artificial breaching at too low water levels 
results in a reduced scour potential. In the long term this leads to 
accumulation of sediments in the estuary mouth, thereby compounding the 
original problem. 
 
According to Huizinga and Van Niekerk (2001), the methods used for the 
breaching of an estuary mouth can be of crucial importance for the 
maintenance of healthy environmental conditions. A number of 
recommendations on the methods to breach estuary mouths are described 
below. 
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3.6.2.1    At what water level should a mouth be breached? 
The water level in the estuary should be as high as possible. This is very 
important, because serious ongoing sedimentation is taking place in many 
estuaries, which is caused by the reduction in flushing of sediments when 
estuary mouths are breached at too low water levels. If possible breaching 
should occur naturally, so that as much sediment as possible will be flushed 
from the estuary. The potential of flushing of sediments increases 
exponentially with the increase of outflow velocities with an increase in water 
levels before breaching. At higher water levels there is also more water in the 
estuary and therefore the outflow is sustained for longer. Natural breachings 
of the mouths of South African estuaries will normally occur at water levels of 
between +2,5 and +3,5 m Mean Sea Level (MSL). However, in many places 
estuary mouths have been breached for more than a hundred years at too low 
water levels. This has caused severe sedimentation in several estuaries. 
 
3.6.2.2      When should a mouth be breached?
 
The mouth of an estuary should be breached as late in winter and/or spring as 
possible. An estuary fulfils a primary ecological function as a nursery for 
marine fish. Migration of juvenile fish into estuaries on the South African coast  
occurs mainly during spring and summer and this migration can normally only 
take place when the mouth is open. The management policy should therefore 
be aimed at creating an open mouth condition during this period.  
 
Germination of salt marsh vegetation also occurs during spring and summer 
and this can not take place when the salt marsh is flooded for too long at high 
water levels. The periods of mouth closure and high water levels should 
therefore be limited to a few weeks during spring and summer. A further 
reason for this timing is that high waves occur more often in winter than in  
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summer along the South African coast. Wave activity is the main reason for 
mouth closure. 
 
High waves, causing turbulence, also contribute to the influx of considerable 
amounts of marine sediments into the estuary. It is therefore beneficial to 
keep the mouth closed, if possible, during autumn and winter and to have it 
open in spring and summer. Water quality problems are also more likely to 
develop when the mouth is closed during spring and summer, when the 
temperatures are higher and when during the holidays the loading of 
pollutants is increased. Additionally, people generally prefer an open mouth 
during the summer holiday season. 
 
The mouth of an estuary should ideally be breached three or four days before 
springtide because this ensures good additional flushing during the following 
springtide. 
 
3.6.2.3    How should a mouth be breached? 
The position where the mouth should be breached depends on local 
conditions. Consideration should be given to the configuration of ebb and 
flood tidal channels in selecting a position for the breaching of the mouth. In 
some estuaries an appropriate position could result in early mouth closure. If 
possible, not a small trench, but a deeper and wider channel should be 
excavated before breaching. A considerable amount of water is generally 
used to flush a small and narrow trench open to a medium sized trench. 
 
A larger initial channel will cause higher immediate flow velocities, causing 
more sediment to be flushed out to the sea.  
 
The actual moment of breaching during the tidal cycle is at high tide or as 
close after high tide as possible, waves permitting. 
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3.6.3 Sedimentation 
A major adverse influence in South African estuaries is accelerated 
sedimentation because of human activities in the catchment area. 
Modification of freshwater inputs through abstraction affects scouring, mouth 
closure patterns, salinity levels and gradients and nutrient inputs. 
 
Large volumes of marine sediments are transported along the South African 
coastline by littoral drift. The littoral drift is the source of the sediment which 
forms sandbars across the mouths of estuaries or flood-tide deltas within 
them. Reduction of fluvial input by impoundments and abstraction results in 
estuaries being closed more frequently and for longer periods or, in the case 
of those that remain open, suffer massive influxes of marine sand which may 
limit recreational opportunities. The effect of reduced runoff due to dams in 
catchments, reduce the frequency with which large floods scour the estuary 
thus permitting a greater accumulation of sand in the estuary between floods 
(Allanson et al, 1999:299).  
 
3.6.4 Low-lying developments 
Estuaries have naturally become the focus of coastal development. However, 
flooding could occur as a result of rivers or dams overflowing, by tidal surges 
in estuaries, and by the impact of the sea. During a flood, excess water flows 
onto the low-lying areas on either side of rivers. These areas are known as 
flood plains. Flood plain development reduces the space available to store 
and slowly transport floodwaters. This increases the speed at which floods 
move downstream and the maximum height that the flood will reach. In some 
cases the developments can also act as a dam on the flood plain increasing 
flooding upstream. Development on flood plains can impact on both the 
ecological and archaeological value of the land. In estuaries, flooding can also 
occur as a result of ‘surges’ due to the effect of atmospheric pressure on sea 
level, combined with the effects of high tides and high winds (French, 
1997:12). 
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Mouth manipulation is a result of mouth breaching, particularly in estuaries 
where coastal developments have occurred at a level where inundation of 
low-lying properties will occur under the high water levels required for efficient 
ecological management. As a result, the mouth is breached artificially before 
these high levels are reached so as to prevent flood damage to properties.  
 
3.7 SUMMARY 
Although estuaries are the final stage in a river system it is important that we 
learn to appreciate their value and that we act wisely to manage them for 
sustainable use. 
 
The literature revealed that the mouth of an estuary is a dynamic system and 
that marine sediments can easily block off the mouth by forming a sandbar. It 
is important for floods to occur to scour out sediment from estuaries. Artificial 
mouth breaching is a common practise in South African estuaries due to poor 
urban planning. A mouth is breached to prevent the inundation of low-lying 
properties, especially under the 1:50 year flood line. Moreover the entire 
functioning of an ecosystem can be jeopardised by properties too close to the 
water in ignorance of the natural envelope of variability of an estuary. 
  
To sustain a healthy estuary, it is important to monitor the mouth conditions 
and apply correct methods for breaching of an estuary mouth.  
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CHAPTER 4 
 
           EMPIRICAL STUDY 
 
4.1 INTRODUCTION 
In order to address the main problem, sub problems three and four were 
resolved through an in- depth scan of the current situation at Great Brak. 
 
The survey method used, based on the key components gained from the 
literature study consists of an in-depth scan of the current situation at Great 
Brak by firstly assessing the current inputs (sub problem three) and processes 
(sub problem four) in place and additional or altered inputs and processes 
needed for the monitoring and breaching of the GBRM system through: 
 
• 
 CSIR Estuary Management and monitoring programme reports. 
• Interviews with knowledgeable people and affected stakeholders. 
• Own experience in capacity as Chairperson of GEC and DWAF’s 
responsible officer during monitoring and breaching of the mouth. 
 
All operations produce goods or services or a mixture of the two, and they do 
this by a process of transformation. Slack et al (2001:10) stated that any 
operation takes in a set of input resources, uses them to transform something, 
or to be transformed themselves into outputs of goods and services. All 
operations conform to the following general input-transformation-output 
model.  
Fig 4.1: Input –transformation – output model (Slack, 2001:10). 
T h e  in p u t - t r a n s f o r m a t i o n - o u t p u t  m o d e l
T H E  
T R A N S F O R M A T I O N
P R O C E S S
I n p u t O u t p u t
G o o d s  
a n d  
s e r v i c e s
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 Inputs are classified into tangible and intangible resources. 
o Tangible resources (Facilities): Equipment, machines, plant, 
capital, raw materials and buildings.  
o Intangible resources (Staff): Those who operate, maintain, plan 
and manage the operation at any level with the competency, 
knowledge and skills. Communication and information are also 
classified as intangible resources. 
 Processes are the sequence and organisation of all activities that 
need to convert inputs into outputs. A process draws together inputs, 
transformation activities into a unified system. It identifies the resources 
that activities need and a process also describes the activities needed 
to convert inputs into outputs. 
 
4.2 INPUTS FOR THE MONITORING AND BREACHING OF THE MOUTH 
The transforming resources for the operational monitoring and breaching of 
the Great Brak River Mouth are classified into tangible and intangible 
resources. 
 
Table 4: Current Inputs at Great Brak 
 
 
 
TANGIBLES INTANGIBLES 
(a) Equipment:  
• Water level instruments at 
estuary and Wolwedans Dam 
• Emergency alarm equipment 
Information (data) obtained from water 
level instruments 
(b) Machinery for breaching of 
mouth  
People involved with day-to-day 
monitoring of estuary and dam 
conditions and breaching of mouth 
(c) Water for management of mouth Communication between stakeholders 
(d) Financial Capital (monitoring 
costs) 
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4.2.1 DISCUSSION AND EVALUATION OF TANGIBLE INPUTS 
(a) Equipment  
Water level instruments at estuary - The current water level instruments 
against the railway bridge in the estuary were identified as a strategic 
important resource in the effective monitoring of the estuary and mouth 
conditions and also during the breaching practices. Valuable hydrological data 
(intangible resource) are obtained from these instruments. There are currently 
two types of water level instruments present at the railway bridge. A 
mechanical graph recorder was installed by the DWAF on 28 May 1988. An 
electronic water level instrument was also installed on 18 August 1998 and 
both water level instruments are operated and maintained by the DWAF.  
 
Fig 4.2: Example of Water level data obtained from instruments at 
estuary (Source: DWAF, 2003). 
 
 
 
 K 2 H 0 0 4  –  G R E A T  B R A K  M O U T H  F E B R U A R Y   
P e r io d  1  M o n t h  P lo t  S t a r t  0 0 : 0 0 _ 0 1 / 0 2 / 2 0 0 3  2 0 0 3  
  
P lo t  E n d  0 0 : 0 0 _ 0 1 / 0 3 / 2 0 0 3  
 
H e i g h t  v s .  T i m e  
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The data (intangible resource) are retrieved manually on a weekly basis and 
made also available to Mr. P Huizinga in his capacity as consultant of the 
CSIR. The methodology over the past years to use the two million cubic 
metres of water, when needed, especially to open the mouth and to maintain 
open mouth conditions during spring and summer, has proved to be quite 
effective. The mouth normally closes during neap tides and low flow water 
releases from the Wolwedans Dam are undertaken to try to keep the mouth 
open. Important conclusions from the water level data can be made to asses if 
the mouth would probably stay open during such a neap tide. It was 
determined by the CSIR that if the water level at these instruments drains to 
about 0.5m Mean Sea Level (M.S.L), the mouth will probably not close; at a 
level of about 0.6m M.S.L the mouth starts closing, and at a level of 0.7m 
M.S.L or more mouth closure is very likely (CSIR, Review of the Hydro and 
Sediment Dynamic conditions of the estuary, 2003). However, the data 
obtained from the instruments are historical data and sometimes more 
accurate assumptions or management actions could be made from real-time 
observations. 
 
This gauging point is also crucial from the viewpoint of safety monitoring of 
water levels in the estuary, especially when the mouth is closed and the 
Wolwedans Dam is relatively full or starts overflowing. Flooding due to floods 
over the Dam would occur in the future, as has happened in the past. 
However, attenuation will take place due to the dam upstream of the village, 
even if the dam is 100 percent full. In this way the danger of flooding will be 
reduced because of the dam. However, delays in opening the estuary mouth 
could cause flooding (DWAF, 1990). To prevent flooding of low-lying 
properties, continuous monitoring of the water levels is needed at this gauging 
point.  Successful monitoring of the estuary water levels is sometimes strongly 
dependent on the availability of local observers and there is a risk of flooding, 
especially when nobody expects the sudden rise in water levels and it is 
sometimes risky and dangerous in monitoring the water levels especially 
during weekends and after-hours.  
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Johnson et al (2002: 145) stated that successful strategies are dependent on 
the organisation having the strategic capability to perform at the level that is 
required for success. There is sometimes a need to continuously improve the 
resource base in order to stay in business. Organisations should change their 
resource base in order to be effective in the achievement of their objectives.  
 
In order to be successful in achieving the output objectives of a healthy 
estuary together with the issue of safeguarding of properties, it was 
determined that the system at the railway bridge is inadequate and must be 
changed. According to Mr. Huizinga, the transferring of water level data by 
telephonic lines, or similar real-time observation techniques would be a major 
improvement. The availability of real-time data, when needed through 
connection via the Internet would also allow other stakeholders to have 
access to the water level data. 
 
From the viewpoint of safety, real-time monitoring is important to determine 
whether there is a rise in water levels and to decide if an emergency situation 
is developing. Mossel Bay Municipaility is the responsible institution to breach 
the mouth during emergency situations and according to Mr. Vincent Gouws, 
real-time observations and warning instruments at the estuary are important. 
He believes that a telemetry system connected to cell phones would be the 
appropriate solution to be installed at the railway bridge. Warning levels must 
also be set and activate alarm levels via SMS to cell phones when the water 
level reaches levels of 1.800 metres and 2.00 metres MSL. This will alert the 
Municipality and give them enough reaction time to breach the mouth during 
emergency situations.  
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Water level instruments at Wolwedans Dam - According to Mr Gouws and 
Huizinga a similar system should also be installed at Wolwedans Dam, 
upstream of the village. A mechanical and electronic instrument is currently 
present at the Dam. Safety monitoring is currently strongly dependent on the 
visual observations of Mr Aubrey Steyn of the Dam. In his capacity as 
observer it is sometimes impossible to monitor the possible rise in water 
levels, especially during after-hours and weekends.  
 
The Wolwedans Dam is according to the hydrological data, captured through 
similar water level instruments as at the railway bridge, on average more than 
96 percent full (DWAF) and rainfall in the catchment area could easily result in 
a rise in the water level and the Dam to start overflowing. Real-time 
monitoring systems must also be installed at the dam and Mr.Gouws believes 
that alarm activation via SMS to cell phones must be set at Dam capacity of 
99.8 percent and 100 percent full supply levels. This alarm system will only 
act as a standby mechanism and alert operational managers to react to 
possible flood situations that might occur. 
 
Fig 4.3: Example of Wolwedans Dam level data for 2001 obtained from 
water level instruments
 (DWAF). 
 K2ROO2 – W OLW EDANS DAM 2001 
Period 1 Year 
  
     
  
 Dam levels in %  Plot start 01/01/2001 
96 
98.5 
101 
103.5 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
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Video monitoring equipment- Successful monitoring of the mouth and 
estuary conditions is currently strongly dependent on the availability of local 
observers (intangible resource) at Great Brak. This includes visual 
observations on a voluntary basis by local inhabitants (Mrs H Venter) and also 
other residents from the Island, in her absence. The observers are not always 
available and according to Mr Huizinga the monitoring of the mouth by video 
camera would increase the success of the management activities. He 
mentioned that the effectiveness of the management of the mouth could be 
improved considerably if the mouth of the estuary could be monitored 
continuously by video camera. Remotely monitoring will therefore result in a 
major improvement of decision-making on water releases for the management 
of the mouth and also to determine if the mouth is open/closed from a safety 
viewpoint.  
 
Different real-time monitoring equipment and options are available in the 
market. The need is to attach the video camera to one of the permanently 
occupied houses on the escarpment behind and above the Island at Great 
Brak. There is no need to move the focus point of the camera around by 
remote control, but only to be permanently focused on the mouth area itself.  
 
Mr Huizinga also mentioned that an alternative and temporary (cheaper) 
solution would be to provide Mrs H Venter of the Island with a digital camera 
and then via email, to forward the photos taken to the estuary and operational 
managers. 
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Emergency alarm equipment - Properties in the village below the dam are 
subjected to floods. Flooding due to river floods would occur in the future, as 
has happened in the past. However, attenuation will take place due to the 
dam upstream of the village, even if the dam is 100 percent full. According to 
(DWAF, 1990:6.39), flooding can take place in three ways:  
 
a) Due to river floods 
River floods have in the past caused disturbance and damage in the Great 
Brak area. During periods when the river mouth is closed there is also a risk 
of flooding due to rising water levels in the estuary It was estimated that a 
time delay of between 12 and 18 hours between a heavy rainfall and flooding 
in the estuary will be typical for the Great Brak River even if the dam is full. It 
was concluded that all the developments in the lower parts of the flood plain, 
in particular on The Island and at the Pine Creek caravan park, are subject to 
flooding.  
 
b) Due to exceptionally high water levels as a result of high waves from 
the sea. During very high spring tides, high water levels around the 
Island and in the estuary can cause flooding problems. This type of 
flooding, although of a low probability can occur. 
 
c) In the unlikely event of a dam failure. 
 
The original alarm system was installed at Great Brak to warn the public of the 
unlikely event of a dam break situation. However, the alarm system can also 
be used in case emergency conditions develop because of river floods. 
During 2002, PetroSA investigated the existing alarm system.  
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Based on technical reasons and the condition of the system, it was decided  
that the existing alarms were inadequate and should be replaced. During 
2003, the existing alarm system was replaced with a new updated system at 
Great Brak. The alarm system was installed at four strategic points at Great 
Brak: 
1. Wolwedans Dam. 
2. Great Brak Police station. 
3. Watsons Shoe factory. 
4. The Island. 
 
The equipment consists of a GM340/360 radio complete with antenna, battery 
charger and batteries and siren at every station. A push button switch was   
also installed in a break glass box, to manually activate the alarm. In the event 
of a dam failure or a flood situation, the alarm can only be manually activated 
from any of the above stations, by depressing the manual push button. On 
depressing the manual switch, the radio will transmit. The alarms will be 
activated at all the other stations once the transmitted signal is received. 
Provision has also been made for testing the system automatically once a 
week, by means of a timer.  
 
It was decided not to install an automatic trigger of the system when the water 
level in the Wolwedans Dam reaches a certain level.  
 
The proposed real-time water indicator equipment identified earlier for 
installation at the Wolwedans Dam and the railway bridge will act as a 
standby alarm mechanism and alert operational managers to react to possible 
emergency situations that might occur. Activation of SMS messages to cell 
phones at identified water levels will alert operational managers and then if 
needed, activate the manual function of the alarm system. 
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(b) Machinery for breaching of mouth
  - The current breaching practices 
of the mouth at Great Brak can occur under the following conditions: 
 
• Natural breaching – During natural breaching practices, no machinery 
is used or needed. 
• Breaching according to the GEC principles - During a planned and 
controlled breaching where PetroSA provide their machine, water is 
released from the Wolwedans Dam to reach a water level in the 
estuary at approximately 2.0 m MSL. A deep and wide trench is 
excavated with the bulldozer and when the water reaches the desired 
water level in the estuary, the mouth is breached after high tide. 
PetroSA uses a type D6 bulldozer that is located at the plant outside 
Mossel Bay.  
 
According to Mr Potso Tshabalala of PetroSA, the 18.5 ton bulldozer is 12 
years old and in a good mechanical condition and would still be operational 
for a couple of years. In terms of capability, the machine blade covers 3.8 
cubic metres. 
 
• Emergency breaching - During an emergency breaching, the 
Municipality of Mossel Bay is responsible and breachings should be 
undertaken in the quickest way possible to prevent flooding of low-lying 
properties. The current excavating machine of the Municipality is 
sufficient if emergency situations occur and when there is enough 
reaction time to breach the mouth. However, the Municipality machine 
is not capable of digging a trench quickly enough if the sand berm at 
the mouth is already high and reaction time to breach the mouth is 
limited. 
 
Mr Vincent Gouws mentioned that although the Municipality does not have a 
bulldozer available, the Council budgeted for one and when needed, three 
hours is needed to obtain the machine.   
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 (c) Water for
 
Management of the mouth
 - From the start of the Estuary 
Management Plan, the management of the mouth was identified as the key 
aspect of the management of the mouth. It was identified at the initial 
investigations that a volume of one million cubic metres of water per year 
released from the Wolwedans Dam was probably not sufficient for the 
estuary. A volume of water of two million cubic metres per year was therefore 
initially allocated and it was decided that it would be reviewed after a period of 
10 years (DWAF, 1990). 
 
During December 2001, CSIR Environmentek conducted a socio-perception 
survey at Great Brak in order to capture residents’ and visitors’ perceptions 
and concerns regarding the current and future state of the Great Brak River 
estuary, as well as their perceptions regarding the effectiveness of the 
Estuary Management Plan. A questionnaire-based survey was conducted. Of 
the 287 questionnaires, which were distributed, 110 responses were received, 
constituting a 38 percent response rate. In addition, interviews were 
conducted with 35 residents and holiday-makers and also with 
representatives of organisations directly or indirectly influencing the 
management of the estuary. The results of the socio-perception survey 
revealed that, in general, residents and visitors to the area perceived the 
estuary to be in an acceptable condition but a significant proportion of 
residents (40 percent) rated the state of the lower part of the estuary as being 
in a poor condition.  
 
One of the main reasons are the residents’ and visitors’ (25 percent) concern 
regarding the increasing shallowness of the estuary and that water flows 
around the Island will cease in the future. This relates directly to the volume of 
water available from Wolwedans Dam to manage the estuary. 
 
Huizinga and Van Niekerk (2001) stated that high wave activity along the 
South African coast is the main reason for mouth closure and that high waves, 
causing turbulence, also contribute to the influx of considerable amounts of 
marine sediments.  
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It is therefore beneficial to keep the mouth closed, if possible, during autumn 
and winter. 
 
The condition of the mouth is strongly dependent on the availability of water 
for the management actions. Almost constant monitoring is needed to 
manage the mouth successfully, due to the current limited two million cubic 
metres of water available. Although only two million cubic metres of water 
released from the dam is available for use per hydrological year, the current 
healthy state of the estuary could be contributed to the regular overflowing of 
the Wolwedans Dam, resulting in the mouth being open far more frequently 
than was expected. 
 
According to the hydrological data obtained from the DWAF, the annual total 
flow from the Wolwedans Dam by means of releases through the valves and 
overflowing over the dam spillway for the past 10 years, excel all 
expectations. 
 
Table 5: Annual Total Volume past Wolwedans Dam (DWAF: 2003) 
 
Year  Total volume in million cubic metres 
1993 14.34 
1994 18.26 
1995 30.61 
1996 25.06 
1997 14.17 
1998 7.50 
1999 7.94 
2000 14.70 
2001 19.37 
2002 11.33 
Mean 16.33 
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The original water demands to be met by the Wolwedans Dam as stated in 
the White Paper are listed in Table 6. 
 
 
Table 6: Original demands to be met by Wolwedans Dam (CSIR, 2003). 
Period Users Volume (million cubic 
meters/year) 
1990-1995 PetroSA (former Mossgas) 4.8 
 Mossel Bay Region 0.0 
 TOTAL 4.8 
2000 PetroSA 4.8 
 Mossel Bay Region 2.03 
 TOTAL 6.83 
2005 PetroSA 4.8 
 Mossel Bay Region 4.5 
 
TOTAL
 
9.3 
2010 PetroSA 4.8 
 Mossel Bay Region 7.4 
 
TOTAL
 
12.2 
 
One of the reasons for the regularly overflowing of the dam is that the Mossel 
Bay Region has hardly started using water from the dam. Moreover, PetroSA 
allocated 4.8 million has been increased to 5.6 million (CSIR, 2003).  
 
According to the data obtained from the DWAF as listed in Table 7 for the 
period 1993 to 2001, more water was released from the dam to the users 
opposed to the allocated original demands.  
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Table 7: Actual water usage from Wolwedans Dam (DWAF, 2002). 
Period Users Volume 
(Million cubic 
metres/years 
Total 
1993/1994 PetroSA 6.21  
 Mossel Bay Municipality 0  
 Livestock 0.37 6.58 
1994/1995 PetroSA 6.66  
 Mossel Bay Municipality 0.014  
 Livestock 0.374 7.048 
1995/1996 PetroSA 5.90  
 Mossel Bay Municipality 3.00  
 Livestock 0.39 9.29 
1996/1997 PetroSA 3.18  
 Mossel Bay Municipality 1.29  
 Livestock 0.65 5.12 
1997/1998 PetroSA 3.84  
 Mossel Bay Municipality 0  
 Livestock 0.64 4.48 
1998/1999 PetroSA 5.55  
 Mossel Bay Municipality 1.89  
 Livestock 0.67 8.11 
1999/2000 PetroSA 6.42  
 Mossel Bay Municipality 0.087  
 Livestock 0.44 6.94 
2000/2001 PetroSA 5.57  
 Mossel Bay Municipality 0  
 Livestock 0.16 5.73 
 
More water will be abstracted in future and during dry years mouth closure 
could occur more regularly.  
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The allocated two million cubic metres of water for the estuary will not be 
sufficient in future, especially when overflowing does not occur regularly.  
 
Continuous monitoring of the mouth conditions and the close interaction over 
the past years between the CSIR, DWAF and PetroSA, also resulted in the 
“saving” of water. The situation may change in the future with the involvement 
of new and other role-players in the day-to-day management of a new Estuary 
Management Plan.  
 
In 1998 the new National Water Act No 36 of 1998 was passed, giving the 
Environment a right to water for maintaining aquatic ecosystem functioning. 
Resource Directed Measures (which include the determination of the 
Environmental Reserve) have to be determined for every catchment area. 
However, the prioritising of the Resource Directed Measures is only done on 
new license applications. According to Mr. J van Staden of the DWAF, a 
reserve determination for Great Brak could take two to three years. 
 
As part of the Review (2002/2003) of the original Estuary Management Plan, 
a review of the hydrology was undertaken of the Great Brak River by the 
DWAF at Pretoria. DWAF provided simulated runoff data of different future 
scenarios, which included water releases (in million cubic metres) to the 
estuary, if overflowing would not occur.  
 
It was recommended by the GEC that until a reserve determination is 
undertaken, a proposed flexible water release strategy (Table 8) must be 
applied which is related to the volume of water in the Wolwedans Dam. 
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The intention is to submit a motivation to the DWAF Management for the 
approval of the proposed flexible water release strategy.  
 
Table 8: Proposed water release strategy (CSIR, Review Report, 2003).  
 
(d) Monitoring costs (Financial capital) -  
Currently all CSIR costs related to the monitoring activities at Great Brak are 
borne by PetroSA (Main water user). 
 
The contract between PetroSA and the CSIR for the 2003/2004 financial year 
was approved to cater for a budget of R 176 293 in terms of the following 
activities: 
 Development of Management Plan, including monitoring programme 
 Meeting attendance at Great Brak for presentation of the Estuary 
Review 
 Meeting attendance at Great Brak for monitoring results of 2003/2004 
 Management support and monitoring of the hydro-and sediment 
dynamics. 
 
According to Mr Huizinga an amount of approximately R 100 000 per year will 
be sufficient to cover the future costs in terms of the routine Management 
support and monitoring of the hydro-and sediment dynamics. 
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4.2.2 DISCUSSION AND EVALUATION OF INTANGIBLE INPUTS  
Although the hydrological data is an intangible resource, it was discussed 
under tangible inputs, because it is dependent on and is obtained from the 
water level instruments.  The focus in this discussion will be on the people 
involved with the day-to-day monitoring. 
 
Johnson et al (2002: 480) stated that the possession of resources (including 
people) does not guarantee strategic success. Strategic capability is 
essentially concerned with how these resources are deployed, managed, 
controlled and, in the case of people, motivated to create competencies in 
those activities and processes to run the organisation. 
 
Johnson et al (2002:477) stated that people are at the heart of any strategy 
and that the knowledge and experience of people can be the key factors 
enabling success. The question is often asked whether an organisation or 
body has the required intangible resources (competencies, skills and 
knowledge of people as well as communication and information systems) to 
provide products/services that meet the needs of the desired output. 
According to Melnyk et al (1996:936), many people incorrectly interpret 
knowledge and information as synonymous. Information amounts to the flow 
of data, meanings, and messages that become necessary inputs to develop 
knowledge. In contrast, knowledge organises the flow of information 
according to a person’s mindset. Knowledge enhances and clarifies the 
mental map to help the person receive information inputs and draw new 
meanings to formulate internally consistent and logical action plans. 
Knowledge combines two related components: explicit knowledge and tacit 
knowledge. Explicit knowledge is codified knowledge that encompasses 
anything people acquire by reading and writing. In contrast, people obtain tacit 
knowledge through experience. People find it difficult to articulate their tacit 
learning to others. Many people have difficulty articulating tacit knowledge, but 
become better at it when they know it is available and also spend more time 
observing and testing it. 
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 When the building of the Wolwedans Dam was announced, DWAF 
established the GEC to conduct an environmental study into the estuary. An 
estuary management plan was developed and it was decided that the 
effectiveness of this plan should be monitored on an annual basis by the GEC 
and that a review, based on the results of the monitoring program should be 
conducted after 10 years. The GEC approached Ematek of the CSIR (as 
consultants) with the original study and the annual monitoring with effect from 
1990. Due to circumstances, the review has only now been undertaken after 
about 13 years. All work undertaken by the CSIR was carried out on behalf of 
the GEC and the costs of the work involved are borne by PetroSA. 
 
All activities at Great Brak are currently still performed under the umbrella of 
the GEC with the following members: 
o DWAF. 
o PetroSA. 
o Mossel Bay Municipality. 
o CSIR. 
o Island Residence Association. 
o Outeniqualand Trust. 
o Department of Environmental Affairs. 
o Cape Nature Conservation. 
o Bewaria. 
 
The current main role players, especially with the day-to-day monitoring of the 
estuary and dam and breaching of the mouth, are representatives from the 
CSIR, DWAF, PetroSA and the Municipality of Mossel Bay and observers 
from the Island. 
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As representative of the DWAF, the author is currently involved with the day-
to-day monitoring of water levels at the Wolwedans Dam and the estuary in 
terms of management actions regarding the conditions of the mouth and also 
from the viewpoint of safety monitoring due to existence of low-lying 
properties at Great Brak. Continuous communication between the author 
himself, Mr Huizinga as consultant on behalf of the CSIR and Mr Gouws of 
the Municipality of Mossel Bay is crucial to ensure a healthy estuary together 
with the issue of safeguarding of properties. The author is also the 
responsible officer in organising and monitoring of water releases and 
coordination of activities during breaching practices according to the GEC 
principles. Mr Aubrey Steyn as observer at the dam and employee of the 
DWAF, plays an important role in the management activities at Great Brak. 
Besides continuous monitoring of water levels at the dam, he is also 
responsible for water releases during breaching practices and other releases 
to maintain open mouth conditions. 
 
 Besides the payment of all monitoring costs to the CSIR, maintenance and 
testing of emergency alarms and operational maintenance at the dam, the 
current involvement of PetroSA  in the day-to-day operational management of 
the mouth is basically limited to the breaching activities according to the GEC 
principles. During breaching practices they provide the excavator machine 
(dozer) and operator.  
 
As local representative at Great Brak, Mr Gouws of the Municipality of Mossel 
Bay is responsible in terms of activities regarding emergency procedures. 
During emergency flood situations, the Municipality is responsible to breach 
the mouth and in developing and maintenance of emergency plans and 
execution, if needed. 
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Mr Huizinga in his capacity as consultant on behalf of the CSIR has years of 
experience in estuary management. As specialist engineer, he has been 
involved from the beginning of the Wolwedans Dam investigation as member 
of the study team as task leader of estuarine dynamics as well as being 
involved with the compiling of the Estuary Management Plan. He also 
coordinated the project. The CSIR, as consultants are also responsible for the 
monitoring of the hydro-and sediment dynamics and the compiling of an 
annual report of the monitoring results for the past 13 years. He is also a key 
member in the day-to-day monitoring of mouth conditions via visual 
observations obtained from Mrs H Venter from the Island and decision-making 
regarding management actions to be taken. 
 
The CSIR is currently busy with the drafting of a new Estuary Management 
plan and the objective is to implement it at the end of the current financial 
year. The question has previously occasionally been raised if the CSIR should 
stay involved at Great Brak after the implementation of a new Estuary 
Management Plan.  
 
According to Mr Huizinga, he feels that the CSIR could not stay involved at 
Great Brak forever, but his concerns are that the management of the mouth 
will not be correctly performed and that the correct decisions must be taken. 
The greatest danger is that key role players will not necessarily stay involved 
at Great Brak and that new managers/role players will not have the tacit 
knowledge to make the correct decisions, to the disadvantage of the Great 
Brak estuary. His opinion is that the Wolwedans Dam will still exist in the 
future and that water abstractions from the dam will increase in the future and 
therefore put more pressure on the correct management of the mouth. 
 
According to Mr Tyl Willems of the DWAF, it is not necessary that the CSIR 
should stay involved any longer with the management programmes at Great 
Brak after the implementation of the new Estuary Management plan.  
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In his opinion the research done over the past 13 years will indicate what 
management actions must be taken in the future and that a practical 
operational plan will be that vehicle in the fulfilment of the estuary 
management objectives. The GEC could also cease to exist and the 
management of the mouth could be performed by a local forum. He feels that 
that the key role players, involved with the day-to-day monitoring and 
management of the mouth should be PetroSA and the Municipality of Mossel 
Bay (as water users) and also DWAF (operational-dam) as well as one or two 
representatives from the environment. The forum could then act as 
“watchdogs” to oversee the execution of management activities, according to 
the estuary management plan. 
 
 Mr Jannie van Staden of the DWAF mentioned that a local institution at Great 
Brak should implement the new Management Plan. He believes that the CSIR 
has the expertise and knowledge and that it could be utilised in the future, if 
needed. He is however, not a supporter of the idea that expensive expertise 
should be used for routine monitoring work.  
 
In his opinion the Management Plan should address the ecological and safety 
aspects. The Municipality must be the responsible institution during 
emergency situations (safety), because they are at the scene and could 
respond as quickly as possible, when needed. He believes that there are 
already processes in place in terms of the monitoring of mouth conditions and 
that the DWAF should be the responsible organisation. He also mentioned 
that the Municipality of Mossel Bay has now also started using water from the 
Dam and they also bring expertise and should have some responsibility. 
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4.3 PROCESSES FOR MONITORING AND BREACHING OF THE 
MOUTH 
Melnyk et al (1996:186) stated that processes involve activities, but they are 
not the same as activities. Processes draw on resources and structures and 
are the collection of activities that transforms the inputs into an output. 
 
The processes at Great Brak are as follows: 
• Monitoring of mouth conditions and monitoring of water levels at the 
estuary and Wolwedans Dam. 
• Breaching of the mouth. 
 
4.3.1 DISCUSSION AND EVALUATION OF THE MONITORING OF MOUTH 
CONDITIONS AND WATER LEVELS  
Continuous monitoring of mouth conditions is required to manage the mouth 
successfully and to use the water in an optimal way. Monitoring of water 
levels at the Wolwedans Dam and at the railway bridge is also important from 
a safety viewpoint due to existence of low-lying properties below the dam.  
Although the monitoring of mouth conditions and water levels could be seen 
as two separate management actions, it is integrated and is dependant on 
each other. When the mouth is closed, then the issue of close monitoring of 
water levels is more critical, due to the issue of possible flooding of properties 
below the dam.  
 
The objective of the Estuary Management plan is to maintain open mouth 
conditions during spring and summer, if possible with the allocated two million 
cubic meters of water and to keep the mouth closed during winter, if possible. 
High waves activity occurs more during winter and it also contributes to the 
influx of considerable amounts of marine sediments (CSIR, Review report, 
2003).  
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When the mouth is open, continuous monitoring of the mouth is needed to 
access the condition of the mouth. The current management processes in 
place to monitor the mouth are as follows: 
 Daily visual observations of the mouth conditions by Mrs H Venter of 
the Island or other residents in her absence. Mr Huizinga as consultant 
of CSIR (Stellenbosch) contacts her telephonically to access the 
condition of the mouth and via SMS messages or telephonic 
conversations contacts the author to keep him informed or to discuss 
possible management actions to be taken. 
 Daily monitoring of wave predictions via the Internet by Mr Huizinga 
(and also the author) in order to access possible high wave activities 
that might occur along the Southern Cape coast. High waves contribute 
to influx of sediments which could easily close the mouth by forming a 
sand berm. During low wave activities, the mouth would probably stay 
open and less management actions is needed. 
 Accessing weather predictions for Garden Route, obtained through the 
website of the Weather Bureau at least twice weekly as well as 
indicator of possible strong wind activities.  
 Evaluation of estuary water level data by Mr Huizinga, obtained weekly 
from the DWAF. 
 
The opportunity of continuous monitoring of the mouth via video camera will 
allow managers to have more real-time access to conditions of the mouth and 
results could be obtained directly. This would improve the accuracy of 
decisions on the needs for water releases from the Wolwedans Dam for the 
management of the estuary and the mouth. This process of monitoring will 
increase the value of decision-making, because current observations through 
communication by telephone have limitations. The current voluntary 
observations by local inhabitants are highly appreciated, but information thus 
obtained becomes second hand and shortcomings in accuracy could 
sometimes occur.  
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The monitoring of wave and weather predictions is still needed and crucial in 
management actions to keep the mouth open during spring and summer. The 
availability of real-time water level data of the estuary by telephonic lines and 
the Internet is an improvement and would also allow other stakeholders to 
have access to the water level data to determine if the mouth is still open or 
not. The mouth normally closes during neap tides and low flow water releases 
from the Wolwedans Dam are undertaken to try and keep the mouth open. 
Important conclusions from the real-time water level data can be made to 
asses if the mouth would probably stay open during such a neap tide. 
 
When the mouth is closed, predictions and monitoring are more focused on 
water levels of the dam and at the estuary. Observations of water levels at the 
dam and mouth are currently strongly dependent on the availability of 
observers and an unexpected sudden rise in water levels could cause 
flooding of low-lying properties. The existence of low-lying properties and 
developments below the 1:50 year flood line at Great Brak is a major concern 
(Annexure A-3). These properties are subjected to floods and place a burden 
on operational managers regarding the safety aspects of trying to prevent the 
inundation of properties. During the past 10 years various floods occurred at 
Great Brak and according to Mr. P Huizinga of the CSIR even larger floods 
would occur in the future. The largest flood that occurred after the 
construction of the Wolwedans Dam was during November 1996. The 
maximum flow of this flood was about 320 cubic metres per second, which 
indicates that it had an occurrence of approximately 1:15 years. This flood 
caused serious problems at the Pine Creek caravan park and it was fortunate 
that the mouth was open when the flood came through. 
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4.3.2 DISCUSSION AND EVALUATION OF BREACHING PRACTICES OF 
THE MOUTH 
When the mouth is closed, breaching is undertaken under the following 
conditions: 
 Natural breaching. 
 Breaching according to the GEC principles as described below, and 
 Emergency breaching with Mossel Bay Municipality as responsible 
organisation. 
 
 Natural breaching 
Natural breaching of the sandberm at the mouth, when closed, would normally 
occur at water levels of between + 2.8 and + 3.0 metres Mean Sea Level 
(MSL). This is however not possible because of developments in the flood 
plain of the estuary. To protect houses, artificial breaching is practised at 
lower water levels. Before the Wolwedans Dam was constructed, the estuary 
used to be breached at levels as low as 1.62 MSL. This was done to ensure a 
reasonable safety margin for breaching the estuary manually because of the 
longer time delay caused by digging a trench by hand or inadequate 
mechanical machinery. 
 
 The water level at which mechanical breachings are undertaken at Great 
Brak has over the past ten years increased from approximately + 1,60 m MSL 
to over + 2,00 m MSL. The maximum outflow through the mouth has in 
general increased, as a result of the higher breaching levels, from less than 
10 m3/s to up to 40 m3/s. This is considered essential for the prevention of 
ongoing siltation in the estuary. The obvious benefit is that more sediment is 
flushed out at these breachings (CSIR, Review Report, 2003).  
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 GEC Breaching 
During a planned and controlled breaching (according to the GEC principles, 
Annexure A-4) where PetroSA provides the bulldozer, water is released from 
the Wolwedans Dam to reach a water level in the estuary at approximately  
2.0 m MSL. Breaching is normally done approximately three to four days 
before spring tide. This ensures good additional flushing during the following 
spring tide. A deep and wide trench is excavated with the bulldozer and when 
water reaches the desired water level in the estuary, the mouth is breached 
after high tide.  
 
This water level is within the safety limits for breaching because the lowest 
lying property, which is on the Island, is at 2.26m MSL (DWAF, 1990). 
However, developments within the Pine Creek caravan park in the centre of 
town placed an obstacle in the management of the estuary. The restricted 
water level to open the mouth during a controlled breaching is now basically 
limited to a water level of approximately 2.1m MSL. Breachings according to 
the GEC practices are done to ensure healthy estuary conditions and also to 
prevent flooding of properties. 
 
 Emergency breaching 
Breaching of the mouth during emergency situations is the responsibility of 
the Municipality of Mossel Bay and currently, emergency breachings are 
undertaken when the water level in the estuary is already high and when the 
dam overflows. This is done to prevent the inundation of properties, when little 
or no reaction time is available. According to Mr.V Gouws, the Municipality of 
Mossel Bay needs eight hours to open the mouth during emergency 
situations. However breachings must be undertaken as quickly as possible. 
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The machine of PetroSA is also available in case of emergency situations, if 
there is enough reaction time. The question was raised to Mr Potso 
Tshabalala as to how soon they could be on site at Great Brak to breach the 
mouth. He stated that it is not easy to give a straight answer because there 
are factors that may complicate the situation; the availability of the operator at 
short notice, the availability of the low bed (sometimes a low bed is hired if 
PetroSA’s is not available) and the availability of senior personnel to authorise 
the use of the equipment outside the plant. He mentioned that the response 
for an emergency breaching would be dependant upon the above 
circumstances at that particular point in time and that no commitment could be 
made upfront, but PetroSA would always do whatever it could to assist.  
 
The question of what constitutes an emergency situation and how to 
anticipate an emergency is not easy to answer. According to Mr Huizinga, 
there is not any single emergency condition dependent on a single parameter, 
but different types of emergency conditions could be recognised. Emergency 
situations due to river floods could develop at Great Brak, determined by any 
of the following parameters: 
a) The actual and/or expected rainfall in the catchment area. 
b) The actual and/or expected river flow. 
c) The water level in the dam. 
d) Whether the mouth is open or closed. 
e) The water level in the estuary if the mouth is closed. 
f) How soon the mouth can be breached. 
g) High sea tidal levels. 
 
The first two parameters, identified above, are the most important ones and 
can unfortunately not be predicted accurately. The prediction whether an 
emergency condition can develop will therefore always be subjective. 
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The existing emergency breaching procedures at Great Brak are to breach 
the mouth as soon as possible when the water in the estuary is above 1.6 
metres with a full or overflowing Dam. The disadvantage is that little or no 
sediment flushing occurs and that the mouth could close again within one or 
two days. 
 
Mr J Imbrailo of Pine Creek Caravan Park is concerned about the risk of 
flooding and he said that it could be reduced if the dam could be operated, 
especially during the rainfall season, at lower water levels. He believes that 
unnecessary crises could then be prevented when unexpected high rainfall 
occurs. He mentioned too that it would be appreciated if they could be 
informed early regarding the opening of the dam sluices and the mouth. 
 
4.4    SUMMARY 
The information obtained from the empirical study has indicated that 
additional or altered inputs and management processes are needed and 
should be implemented as soon as possible to adhere to the output 
objectives.  
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CHAPTER 5 
 
           CONCLUSIONS AND RECOMMENDATIONS 
 
5.1 INTRODUCTION 
The aim of this final chapter is to make recommendations based on the 
analysis of the empirical study that will solve the main problem of this 
research. This was achieved by solving the four sub-problems. 
 
5.2 RESOLUTION OF THE MAIN PROBLEM 
 
The main problem posed in this research was: 
 
Are the current inputs and management processes needed for the 
monitoring (mouth and safety) and breaching of the Great Brak River 
Mouth sufficient to adhere to the output objectives of a healthy estuary 
together with safeguarding of properties?
  
 
In order to conduct the research in a systematic manner, the following sub-
problems as highlighted and identified in chapter one, were resolved in order 
to resolve the main problem: 
 
a) What does literature reveal about effective estuary and river 
mouth management? 
This problem was researched by the author through an extensive literature 
review in order to access material regarding effective estuary and river mouth 
management. The literature revealed that the mouth of an estuary is a highly 
dynamic system and that marine sediments can easily block off the mouth by 
forming a sandbar. Various factors have an impact on estuaries and that 
mouth manipulation is a result of mouth breaching, particularly in estuaries 
where developments have occurred at a level where inundation of low-lying 
properties will occur under the high water levels required for efficient 
ecological management. It is important for floods to occur and to breach the 
mouth at high as possible estuary water levels to scour out sediments from 
estuaries. 
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b) What does literature reveal about the operational management 
transformation model? 
A literature study was performed to identify the key elements of the 
operational management transformation model. Operations management 
deals with the output of any business, in other words the conversion of inputs 
to create certain outputs and it is done by a process of transformation. The 
process was modelled on “Slack’s Transformation Model” which is used to 
describe the nature of all operations, which conform to this general input-
transformation-output model. The literature revealed that a process draws 
together inputs, transformation activities and outputs into a unified system. It 
identifies the resources that activities need and a process also describes the 
activities needed to convert inputs into outputs. 
 
The inputs of the transformation process are the resources and there are two 
types, which form the “building blocks” of all operations. Resources can be 
classified into tangible and intangible resources. 
 
c) What inputs are needed to achieve the desired outputs and how 
could it be obtained? 
This sub-problem was resolved through an in-depth scan of the current inputs 
in place and additional or altered inputs needed at Great Brak for the 
monitoring and breaching of the GBRM system to adhere to the output 
objectives of a healthy estuary together with the issue of safeguarding of 
properties. The survey method used for the assessing of the current inputs 
was done through CSIR’s Estuary Management and monitoring programme 
reports for Great Brak and through the involvement and experience of the 
researcher. The researcher interviewed knowledgeable people to determine 
what they believed to be the inputs needed for the monitoring and breaching 
of the GBRM system and how it could be obtained. 
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From the empirical part of the study, the following information was gained: 
 The water level instruments at the estuary and Wolwedans Dam were 
identified as strategically important resources in the effective 
monitoring of estuary and mouth conditions and water levels at 
Wolwedans Dam. The instruments at both points are also crucial from 
the viewpoint of safety monitoring to prevent flooding of properties in 
the village of Great Brak. From the interviews conducted, it was 
determined that the current systems at the estuary and the Dam are 
inadequate and must be changed to real-time systems. Connections 
via the Internet would allow any stakeholders to have access to water 
level data. The belief is too that warning levels must be set at these two 
points and to activate alarm levels via SMS to cell phones of 
operational managers during emergency situations. 
 
 Successful monitoring of the mouth and estuary conditions is currently 
strongly dependent on availability of local observers at Great Brak and 
the effectiveness of the management of the mouth could be improved 
considerably if the mouth could be monitored continuously by video 
camera. This will result in a major improvement of decision-making on 
water releases from the Dam and also from a safety viewpoint. 
 
 Emergency alarm equipment is in place at Great Brak and is adequate 
to warn the public during possible emergency situations that might 
occur. The identified instrument warning systems for the Dam and 
estuary will act as a standby alarm system and alert operational 
managers to activate the manual function of the emergency alarm, if 
needed.  
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 The researcher finds it reassuring that the machinery for the breaching 
of the mouth is in place and sufficient. The current D6 bulldozer 
machine of PetroSA is adequate and capable of performing the 
breaching of the mouth according to the GEC principles. During 
emergency situations, the Municipality of Mossel Bay uses a smaller 
machine to breach the mouth and also budgets for a dozer capable to 
dig a trench quickly enough, if needed. The machine of PetroSA is also 
available during emergency situations. 
 
 The water from the Wolwedans Dam is identified as the key aspect of 
the management of the mouth. Constant monitoring of mouth 
conditions is needed to manage the mouth successfully, as a result of 
the current two million cubic meters of water available. The water users 
will abstract more water in future and the allocated two million for the 
estuary will not be sufficient, especially when overflowing of the Dam 
does not occur regularly. Until a reserve determination is undertaken, a 
flexible water release strategy is needed which is related to the volume 
of water in the Wolwedans Dam. 
 
 All work undertaken by the CSIR for the annual monitoring 
programmes is borne by PetroSA. The financial capital provided by 
PetroSA (as main user) is paid to the CSIR as consultants. An annual 
amount of R 100 000 will be sufficient to cover the costs for routine 
Management support and the hydro- and sediment dynamics. 
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 All activities at Great Brak are currently still performed under the 
umbrella of the GEC with members from various organisations or 
stakeholder groups. The CSIR as key member (consultants) is at the 
heart of the monitoring of the hydro-and sediment dynamics and also a 
key member in day-to-day monitoring of mouth conditions and 
decision-making regarding management actions to be taken. Various 
interviewees feel that the CSIR should not stay forever involved at 
Great Brak after the implementation of the new Estuary Management 
Plan. The GEC could also cease to exist and that the management 
activities could be performed by the following key role players; 
PetroSA, Municipality of Mossel Bay and DWAF.  
 
d) What management processes are necessary to achieve the 
desired outputs and how could it be performed effectively and 
efficiently? 
This sub-problem was also resolved through an in-depth scan of the current 
management processes in place at Great Brak and through interviews finding 
ways to improve the management processes. It was also determined that the 
process of monitoring and breaching of the mouth could be improved when 
the additional/altered identified inputs became a reality.  
 
 Continuous monitoring of mouth conditions and monitoring of water 
levels at the Wolwedans Dam and the estuary is important. It was 
determined that the opportunity of monitoring of mouth conditions via a 
video camera would allow managers to have more real-time access to 
mouth conditions to improve the accuracy of management decisions. 
Monitoring of wave conditions and weather predictions is still needed. 
The existence of low-lying properties at Great Brak and developments 
below the 1:50 year flood line is a major concern as these properties 
are subjected to floods. 
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There are currently no flowcharts in place to describe the processes at 
Great Brak and a flowchart (Annexure B-1) was designed, to describe 
the main elements of the altered inputs and process flows for the 
monitoring of the mouth and water levels.  
 
Melnyk (1996:208) stated that attempts to describe processes verbally, 
would suffer from limitations of language. Often, a quick look at a visual 
aid can convey more information more clearly than a long verbal 
passage. Process flow analysis (PFA) takes advantage of the benefits 
of graphic presentation to solve the problem of language. Managers 
are now recognising the value of PFA as a tool for studying any type of 
process within the Operations Management system. Process flow 
analysis essentially generates a blueprint of a process that supplies 
information that an analyst needs. 
 
The objective of the flow analysis is to improve the efficiency of the 
monitoring of the mouth and water level observations to the advantage 
of the ecological health of the estuary and also addressing the issue of 
safeguarding of properties. 
 
 There are also currently no flowcharts in place to describe the 
breaching and emergency processes at Great Brak . Breaching of the 
mouth can occur on three conditions and the advantage of the newly 
improved process (Annexure B-2) is that breaching of the mouth during 
emergency situations could be undertaken at higher estuary water 
levels without necessarily causing flooding of properties. The bonus of 
the flushing out of sediments during emergency situations will be to the 
advantage of the sustainability of the ecological health of the estuary. 
The newly designed inputs (real-time monitoring and SMS activating 
systems at Wolwedans Dam and estuary) will also allow operational 
managers to be on the alert and to react to possible emergency 
situations (Annexure B-3).  
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5.3 RECOMMENDATIONS 
The overall objective of this study is to undertake a critical assessment to 
determine whether the current inputs and management processes needed for 
the monitoring (mouth and safety) and breaching of the Great Brak River 
Mouth are sufficient to adhere to the output objectives of a healthy estuary 
together with the safeguarding of properties. To achieve these output 
objectives, literature was consulted to identify effective estuary and river 
mouth principles. A literature study was also performed to identify the key 
elements of the operational management transformation model. 
 
The empirical study identified altered/additional input resources are needed 
and that the management processes could be improved upon and it is 
recommended that specific attention should be given to the following: 
 
 Water level instruments at the Wolwedans Dam and estuary must be 
changed to real-time systems and connections must be made via the 
Internet to allow any stakeholders to have access to water level data. 
Warning levels must be set at these two points to activate alarm levels 
(as identified) via SMS to cell phones of operational managers during 
emergency situations. 
 
 Video monitoring will considerably improve the accuracy of decisions 
on the needs for water releases for the management of the mouth and 
it is recommended that a permanent video camera must be installed at 
the mouth of the Great Brak estuary and that a submission must be 
forwarded to DWAF. 
 
 Priority must be given by the DWAF for the determination of the 
ecological reserve to address the water requirements needed for the 
estuary. 
 
 
 
 81 
 
 
 GEC could also cease to exist after the implementation of a new 
Estuary Management Plan and the management activities must be 
performed by the following key role players; PetroSA, the Municipality 
of Mossel Bay and the DWAF.  
 
 Designed flow charts should be implemented as soon as possible and 
should form part of the new Estuary Management Plan. 
 
5.4 CONCLUDING REMARKS 
The purpose of this study was to determine whether the current inputs and 
processes needed for the monitoring and breaching of the Great Brak Mouth 
are sufficient to adhere to the output objectives of a healthy estuary together 
with safeguarding of properties. 
 
It can therefore be concluded that the current inputs and processes are not 
sufficient and that through the implementation of the identified additional and 
altered inputs and processes, a situation could be developed to give Great 
Brak the advantage of achieving its Management objectives. 
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ANNEXURE A-1 
 
 
 
 
 
 
(Source: CSIR)  GREAT BRAK ESTUARY WITH MOUTH AND ISLAND  
 
 
 
 
 
 
 87 
 
     
ANNEXURE A-2 
 
 
 
 
 
(Source: DWAF)  WOLWEDANS DAM   
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ANNEXURE A-3 
 
 
 
 
 
(Source: DWAF) FLOODED PROPERTY AT PINE CREEK CARAVAN PARK 
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ANNEXURE A-4  
 
 
 
 
 
 
 
 
(Source: DWAF)  
 
BREACHING OF GREAT BRAK MOUTH ACCORDING TO GEC PRINCIPLES 
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         Annexure B-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Monitoring of 
Mouth Conditions 
& Water Levels 
Daily monitoring of 
mouth condition via video 
camera and monitor 
waves and weather 
predictions, and access 
real-time water level data 
of Estuary. 
Maintain open mouth 
through low flow releases 
at neap tides. 
Re-open mouth by a 
flush release within one 
day of closure. 
Refer to the 
Annexure for 
Breaching of 
Mouth 
Yes 
No 
Yes 
No 
No 
Yes 
Mouth 
Open 
Is it Spring 
or Summer 
Mouth 
open 
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Breaching of 
Continuous Monitor 
Water Level of Dam 
Monitor water 
levels at Dam and 
Determine dates of Breaching, 
3 days in September (Waves 
Permitting) 
Yes 
Yes 
Yes 
No 
No 
No 
Yes 
Request for water to be released for breaching of 
mouth according to GEC principles 
Is total volume of controlled releases to date more 
than allocation according to water releases strategy? 
 
Yes 
Put in  
request 
No 
Mouth Open
  
Possible 
emergency 
Water level status 
at Dam more than 
98% and 1.6m at 
Yes
Prediction of 
Rainfall on the 
Rise in water 
levels of Dam 
and Estuary
Obtain 
authority 
Winter 
Estuary closed for 
more than 4 
months with high 
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Proceed with preparation for 
breaching activities 
No 
Inform Pine Creek of Breaching 
Check status of sand beam of Mouth to determine 
start period of examination 
Request for Dozer with Operator from Petro 
SA via telephone and letter 
Check status of water level in estuary 24hrs before 
breaching and determine volume to release 
according to the estuary volume tables 
Inform observer at the Dam of volume to 
be released and at what time 
Release water from Dam to 
reach water level in Estuary of 
Open Mouth at high tide 
Yes 
No 
Determine extra 
volume to release 
and release water 
from Dam 
Municipality on standby for 
emergency breaching
Monitor water level at Dam 
and Estuary and rainfall 
prediction
Breach Mouth as 
quick as possible
Rise in water 
level and SMS 
Did water in 
Estuary reach 
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         Annexure B-3 
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           A
     
 
1 Emergency 
Determine if 
Emergency Situation 
Monitor Rise in Water 
Levels (Real-Time). 
Inform Pine 
Creek Caravan 
Monitor situation continuously and activate 
alarm-system (manually) if needed. 
Compile a 
Report. 
Activate alarm 
system at any four 
points as quickly 
as possible and 
evacuate 
properties. 
Breach the Mouth as 
quickly as possible. 
Alarm Testing every Friday @ 14h00 
No 
Yes 
No 
Yes 
No 
Yes 
Dam 
Failure 
Flood over Dam 
Actual and Expected 
> 100 m3/s 
Yes 
No 
Mouth Open 
Activation of SMS 
Alert-Systems at 
